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INTRODUCTION. 



In the present state of public feeling with regard to 
the importance of education, few, if any, will deny- 
that it is as necessary to supply the youthftil mind with 
knowledge as the body with food; or that, if our 
youths are to grow up into men and women fitted to 
take their places as good citizens and members of 
society, the cultivation of their minds is equally im- 
portant with the nutrition of their bodies. That, in 
fact, the natural thirst of the youthful mind for know- 
ledge should be equally satisfied with that of its body 
for food. This thirst for knowledge is manifested by 
children in many ways, but chiefly perhaps in trying 
to take their toys in pieces to find out how they are 
made, and in asking questioDs about almost everything 
they see. 

How natural for a child, standing by the banks 
of a river, to inquire where all the water comes 
from ? To inquire why grass is green ? what makes it 
grow ? how is it that birds can fly ? why fishes are not 
drowned in the sea ? or where all the sand comes from 
they see on the shore ? They will ask, also, where the 
rain or the snow comes from ? what is thunder ? what 
are clouds ? or how is it that the grass is so wet with the 
dew ? Thousands of questions like these are asked by 
thoughtful children, and what parent would not wish 
to be able to give them satisfactory answers? But to 
answer these questions satisfactorily requires a know- 
ledge of natural phenomena, and the causes producing 
them. If any one of whom the child asked^ -wMl^^ 
standing by a river's banks, " ^\ieT^ SiO^^ ^ ^^^a^^^fe't 
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come from ?" were to take him to his home, however 
humble, and show him the vapour rising from the 
water boiling for tea, and ask him to put a cool plate 
or glass in the path of the vapour for a few moments, 
and then look at it and notice the drops of water con- 
densed upon it, and make him understand that these 
drops were formed by the vapour. Then explain to 
him that a great part of the earth was covered with 
water from which vapour was always rising, and that, 
when it rose into the upper regions of the air, it was 
condensed into drops of water, just as the vapour had 
been by the cold plate, and that when thus condensed 
it fell in rain. That a great part of this rain run on 
the surface of the ground, forming little streams and 
brooks, which were gradually joined by others, till 
those united streams formed rivers, 'which, by the 
unceasing flow, which had led to his question, gave back 
to the ocean the waters wMch had been raised from them 
in vapour by the heat of the sun, just as the vapour had 
been raised from the water boHing for tea by the heat 
of the fire. What child would readily forget such a 
lesson ? Or what child, constantly so replied to, could 
fail to grow up an intelligent observer of all the natural 
events occurring around him ? 

But the person who could thus intelligently answer 
such questions would be truly a natural jphilosopher, and 
the replies he gave to such questions would be instruction 
in natural philosophy. The following pages, though of 
no great pretension, are believed to contain as much 
information . as would answer all the most important 
questions that would naturally be asked by any one 
wishing to be acquainted with the causes of the prin- 
cipal phenomena that are constantly taking place in 
the world around him. It is believed, also, by the 
writer, that if they be read by intelligent children, 
such as are found in the upper classes of our elementary 
and middle class schools, and familiarly explained to 
them by teachers who take an interest in the success of 
their pupils, and who will endeavour by simple illus- 
trations to help them to thoroughly master each subject 
as t^ey proceed, that the pupils who have thus studied 
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the following pages "will go out into the world with 
an amount of knowledge regarding the operations of 
nature which has not been previously afforded by any 
work of the same extent, or which could so readily be 
used as a text-book on the subject in the generality of 
schools. 

Some may think that in an elementary work on 
physics it was unnecessary to enter so minutely into 
the properties of matter, and especially to draw such 
distinctions between the properties of, and forces acting 
upon, matter in the mass and those properties which 
belong only to molecules, and those forces which act 
only at insensible distances. But, though this might 
be unnecessary in older works on natural philosophy, 
it seems now, since the numerous facts brought to 
light by the discoveries of modem science, that any 
work professing to treat of the subject scientifically 
should make those distinctions clearly understood. 
The following extract, copied from Tyndall's work on 
" Faraday as a Discoverer," will show this more clearly 
than any words of the writer :^- 

" At the end of his papers, when he takes a last look 
along the line of research, and then turns his eyes to 
the future, utterances quite as much emotional as 
scientific escape from Faraday. * I cannot,' he says, at 
the end of his first paper on magne-crystallic action, 
* conclude this series of researches without remarking 
how rapidly the knowledge of molecular force grows 
upon us, and how strikingly every investigation tends 
to develop more and more their importance, and their 
extreme attraction as an object of study. A few years 
ago magnetism was to us an occult power, affecting 
only a few bodies; now it is found to influence all 
bodies, and to possess the most intimate relations with 
electricity, heat, chemical action, light, crystallization, 
and, through it, with the forces concerned in cohesion ; 
and wo may, in the present state of things, well feel 
urged to continue in our labours, encouraged by the 
hope of bringing it into a bond of union with gravity 
itself.' " 

But though the great impoTtane^ o^ ^ Vt^ot^VA^ ^'^ 
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molecular forces is thus more and more important to 
the student of natural philosophy, yet the extreme 
minuteness of these molecules- themselves is perhaps 
nowhere more distinctly proved than by an experiment 
mentioned by Professor Tyndall, in his address to the 
British Association at Liverpool in 1870, in which he 
showed that, after the presence of these molecules had 
been manifested by their action on light and their 
production of the ethereal hlue^ they went on increasing 
in size for fifteen minutes, and still were too small to be 
detected by the most powerful microscope, though, had 

they been of even the loo^o o o "^^ ^^ ^^ ^'^^^ ^^ diameter, 
he was assured by Professor Huxley they could not 
have escaped detection. Well might he therefore say, 
" What must have been the size of these particles at the 
beginning of their growth f What notion can you form of 
the magnitude of such particles?" and afterwards to 
add, "We are dealing with infinitesimals, compared 
with which the test objects of the microscope are 
literally immense" 

In using this as a text-book, I would advise all 
teachers to let their pupils see, if possible, actual illus- 
trations of either the properties of matter or of the 
phenomena actually described. Take, for instance, the 
property of impenetrability as one of these essential to 
molecular matter, and yet rather difficult popularly to 
explain. First give them the general notion that 
impenetrability in a general sense applies to matter in 
masses by showing them that, with regard to them- 
selves, desks, slates, books, &c., no two could occupy 
the same space at the same time. Then show them 
the experiment described in the first part of the para- 
graph treating of porosity, and they will then see how 
in the mass the stones, sand, and water were succes- 
sively penetrated by the substances introduced after 
each other. Then explain to them that still the fluid 
could absorb, without apparent increase of volume, 400 
to 500 times its bulk of sulphuretted hydrogen. 

They would thus be gradually led to understand that, 

though, with regard to masses of matter, there were 

numberless instanceB of apparent penetration of one 



INTRODUCTION. 13 

"body by anotlier, and an actual separation of the par- 
ticles of one body by another, yet that the smallest 
particles or molecules of matter, tohich could not he divided, 
could not, for that very reason, be penetrated or sepa- 
rated by any other substance. 

Take, as another example, the chapter on the atmo- 
sphere. It will be easy for any teacher actually to 
perform the different experiments mentioned in the 
presence of his class, and then to make them understand 
the motion of the air and the origin of winds, &c. ; he 
may show them that, as heat expands all bodies, and 
thus makes them bulk for bulk lighter, in consequence 
of their greater lightness they rise just as a cork does 
in water or a balloon in air. He may then tell them 
that the first balloons were filled with heated air, which 
rose in consequence of its being lighter than the colder 
air around it. Let them then be shown how the fires 
in our ordinary grates heat the air over them, thus 
causing it to ascend up the chimney, and carry with it 
the particles of smoke, &c.,*by the force of the current 
thus caused, just as the current of a river carries along 
with it stones, mud, &c., heavier than the water itself; 
and that, just as the stones, mud, &c., are deposited and 
form deltas at the mouths of rivers where the force of 
the current ceases, so the particles of soot, &c., carried 
up the chimney fall down again as blacks and smuts in 
our streets when the force of the current that carried 
them up the chimney is exhausted. He may then tell 
them the story recorded by one of the old chroniclers, 
who states that the wrath of heaven was so great 
against the inhabitants of London at the time of the 
great fire in 1666, that the winds of heaven blew from 
all quarters to increase the force of the conflagration, 
and lead them to see that this was the natural result of 
the ascent of the air heated by the force of the fire 
itself, the surrounding and colder air thus coming to 
supply the place of that which had ascended. He will 
then naturally speak of the great heat of the sun in 
equatorial regions, and the consequent ascent of the 
heated air, which causes a movement of the colder 
air from both north and south to «.uy$Vj \!y& ^^^'^^ 
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Then remind them of inei'tia as a property of matter, 
and show them how, on account of the greater rotatory 
motion of the earth at the equator, the air, coming 
from places where that rotatory motion was much less, 
and possessing this property of inertia, cannot at once 
accommodate itself to the increased velocity of the 
earth from west to east, and therefore, to those persons 
who are carried along with the earth, must appear to 
come from east to west, as well as from the north 
and south, and that it is in this way we have our 
north-east and south-east trade winds wherever this 
movement of the air is not interfered with by local 
causes. 

I have given this example in detail as a specimen of 
how an intelligent teacher may impress the substance 
of the following pages upon his pupils, and also make 
interesting to them a branch of knowledge the import- 
ance of which is becoming more and more apparent as 
the intellectual wants of the rising generation are 
becoming better understood. 

In bringing this introductory chapter to a close, I 
will only add that the following pages have been to me 
a subject of anxious thought, and that, however deficient 
they may be, or whatever their imperfections, they 
have been written with the earnest hope that they 
might, in some humble way, be useful in spreading a 
knowledge of common things at present often very 
imperfectly understood. 

It would have been much easier to have written in a 
more popular style, but it would not have been possible 
to do this and also to afford so much accurate informa- 
tion in so small a space. It is hoped, too, that the few 
necessary diagrams introduced will, to a certain extent, 
supply the want of longer verbal explanations, and 
that the few questions given at the end of each chapter 
may suggest others to the teacher, and may also aid 
him in discovering whether the substance of the chapter 
has been really understood by the pupil. If the extra 
labour bestowed on the following pages in condensing 
into the form of a reading hook information which might 
easHjr have been extended over a much larger volume 
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be the means of spreading more generally a knowledge 
of nature, and of making a few take a deeper interest 
in the natural phenomena taking place around them, 
this alone will amply repay the writer for the labour 
he has had in condensing the information respecting 
them so as to bring the volume within the reach of all 
the advanced pupils in our elementary or middle class 
schools. 

B.S. 

London, December, 1872. 
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CHAPTER I. 

Different Fonns of Matter : Solid, Liquid, GaseouS| and Im- 
ponderable. 

Physics, or Natural Philosophy, is the science of nature, 
and its province is to treat of all natural phenomena, 
and to explain, as far as possible, the causes producing 
them. It has to do, therefore, especially with all kinds 
of matter, and the changes to which it is subjected 
under the influence of physical agents. All matter is 
either simple or compound; and it is especially the 
province of Chemistry to treat of its composition, and 
of the laws by which changes in its composition are 
eflfected. There are at present known about sixty-five 
substances, which, because they cannot be reduced to 
any simpler forms, are called elements ; and just as all 
words and sentences, however complicated, are made 
up of letters, so all the known substances in the world 
are made up of combinations of these sixty-five elements. 
In the same way, then, as sentences may be separated 
into words, and words into letters, so the most com- 
pound substances may be reduced into simpler - ones, 
and these simpler ones into elements. The smallest 
particles of matter which can exist independently are 
called molecules, and these are themselves composed 
generally of still smaller particles, called atoms, which 
are held together by ^ force which ia commoxiV^ ^i»J^^ 
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chemical affinity ; but, inasmuch as this force is 
greatest between atoms most unlike in their nature, 
it seems more suitable to call it cheniical attraction. 
The forces which regulate the arrangement of the 
molecules of which matter consists are called molecular 
forces. These forces are of two kinds— one tending to 
bring the molecules closer together, and called mole- 
cular attraction; the other tending to separate them 
fcirther from each other, and called molecular repulsion. 
According to the relation existing between these two 
antagonistic forces, the molecules of bodies assume one 
or other of the following states or forms : — 

First, The solid form, as seen in rocks, trees, 
metals, &c. In this state of matter the attractive 
force of the molecules is so much greater than their 
repulsion, that their relative position cannot be changed 
without the exercise of some force greater than that of 
gravity. It may be defined as that condition of bodies 
where the attraction of cohesion is greater than the 
attraction of gravitation, so that they will retain any 
form given to them, in opposition to the action of 
gravity. As the repulsive force is mainly, if not 
entirely, due to the action of heat, whilst the attractive 
force is decreased by its agency, so an increase of 
temperature, if it produce no change in the composition 
of a body, will frequently so alter its molecular ar- 
rangement as to change the solid into the liquid or 
gaseous form, as in the change of solid ice into liquid 
water, and, by a still greater amount of heat, con- 
verting this liquid into vapour, as in changing water 
into steam. 

Second, The liquid state, as seen in water, oil, ale, 
spirits, &c. In this state the attractive and repulsive 
forces f^te so evenly balanced, that the molecules, 
whilst remaining together, yet move amongst each 
other with the greatest freedom. It may be defined 
as that condition of matter wheire the ftttraotion of 
cbhesion is less than the ttttraotion bf g)ravitation ; so 
thM letU tbd masses of water on the eatth^ under the 
infltidnoe of griavity, ane found ooottpyin^ those por- 
tions of its Burfitce niearest its oenti*^ unfess they are 
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supported by solid bodies capable of resisting its 
action. 

Third, The gaseous state, as in air, oxygen, hydro- 
gen, &c. In this state, the repulsive force is greater 
than that of cohesion and gravity together, so that the 
molecules are not only free to move amongst each 
other, but have a tendency to separate and occupy a 
larger space. It may be defined as that condition of 
matter in which the molecules constantly tend to 
recede from each other, in opposition to the action of 
gravity. 

Fourth. The imponderable or incoercible state, as it 
exists in a form unrecognizable by our senses, and 
utterly incapable of being weighed by the most delicate 
balances. In this condition it is supposed to pervade 
all space, and to be the physical agent, the movements 
of which give rise to all the phenomena of heat, light, 
magnetism, and electricity. 

Questions on Chafteb I, 

1. What is natural philosophy, and of what does it chiefly treat ? 

2. Give examples of matter in the solid, liquid, gaseous, and in- 
coercible forms. 

3. What general effect has heat on bodies? Give examples of 
this action. 



CHAPTER II. 

Properties of IMEattdt : Impenetrability, Extension, Shape, Inertia 
Divisibility, Porosity, Elasticity, Hardness, Ductility, and Mai • 
leability. 

As Physics have to treat chiefly of matter, it seems 
necessary, before proceeding farther, to mention and 
define its principal properties, which are as follow : — 

FimA. rroperties belonging, not to masses of matter, 
but otilj to uie molecules and atoms of which masses 
of matter »re oomposed* 

8Mmd. Properties common both to masses of matter 
and to the molecules composing them. 
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Third. Properties common to masses of matter only, 
and not to the molecules of which those masses are 
composed. 

Fourth, Properties belonging peculiarly to bodies 
in the solid form. 

First. Impenetrability, which is a property not be- 
longing to masses or aggregations of matter, but 
peculiar to the atoms and molecules of which masses 
are composed. It is that property which prevents any 
two atoms or molecules from occupying the same space 
at the same time. When we come to speak of the 
porosity of masses of matter, we shall find that the 
molecules of one form of matter do penetrate into the 
pores of other forms, and thus two forms of matter 
may, as masses, occupy the same space at the same 
time; but with regard to the atoms and molecules, 
they must necessarily remain distinct. 

Second. Properties common both to the masses of 
matter and the molecules of which they are composed. 

a. Extension or magnitude is that property common 
to all matter, by whidi it occupies a certain portion of 
space. This extension, however large or small, must 
be in three directions — viz., length, breadth, and 
thickness. Extension in any one direction is reckoned 
by long measure, of which in England we take a yard 
as the unit, but on the Continent this unit is a metre. 
Extension in two directions is calculated by square 
measure, and is termed area ; thus, a substance 8 feet 
long and 7 feet broad would have an area of 56 feet. 
Extension in three directions is calculated by cubic or 
solid measure; and just as we obtain the area by 
multiplying the length by the breadth, so wo obtain 
the wolidity or cubic measure by multiplying the 
length, breadth, and thickness together; so that a 
substance 8 feet long, 7 broad, and 4 thick would have 
a solid content of 8 x 7 x 4, or 224 feet. 

h. Figure or Shape. — It is evident that all matter 
existing must have some shape ; and though it is im- 
possible to know the actual shape of atoms or mole- 
cules, yet there are abundant reasons for believing them 
to be spherical. Though no matter can exist without 



tROPERDlES OF Uifrnt. 21 

having some shape, yet fbrms and figures may exist ' 
without matter, as in the case of shadows. 

c. luertia is a negative property of matter, by which 
it resists any change in its condition. If at rest, a 
certain force must be employed to put it in motion; 
and if in motion, force must be employed to reduce it 
to a state of rest. Thus, a stone falls to the ground, 
not because of itself it would have a tendency to fall 
more than to remain at rest, but because it is acted 
upon by the fbrce of gravity, and that force is not 
arrested till it meets with the resistance of the solid 
earth. This seems at first contrary to experience ; for 
we are so accustomed to see all motion kept up by a 
continuous force, or terminating in a state of rest, that 
we seem to think a state of rest is natural to matter. 
Thus, whatever may be the velocity of a railway train, 
if the power of the engine be withdrawn, the speed 
gradually lessens, and it comes to a state of rest ; and 
whatever the initial velocity of a cannon or rifle ball, 
they each soon come to the same condition. This, too, 
is the case with every kind of machinery: if the 
motive power be withdrawn, sooner or later — ^in pro- 
portion to the resistance — ^motion ceases. In fact, to 
find out some means of perpetual motion was the 
object of many enthusiasts before the laws which 
regulate motion were well understood. The reason, 
however, why bodies in motion come to rest, is not 
from any tendency in themselves to either rest or 
motion, but because the medium in which they move, 
however rare, always offers some resistance, and this 
resistance retards and ultimately destroys the motion 
imparted to them. 

Third. Properties common to aggregations of mole- 
cules, and not to the molecules themselves. 

a. Divisibility. — It was frequently a subject of dis- 
cussion whether matter was infinitely divisible. It 
seems, however, now generally acknowledged that a 
limit exists to this division, and that all matter is made 
up of exceedingly minute and indestructible particles, 
which, from their not admitting of further division, 
are called atoms. How exceedingly "miTiM\» \Jsiq^^ ^iwsai»^ 
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are may be judged from a few simple and well-known 
facts, which show to what extent matter is capable of 
division. Gold may be beaten into leaves so thin that 
it would take 360,000 of them to be an inch in thick- 
ness ; and in wire-drawing, 2 ounces of gold may be 
made to cover a wire nearly 800 miles in length. 
One grain of iodide of potassium will give a blue 
colour to nearly 500,000 oz. of liquid. A small quan- 
tity of musk or a few rose leaves will scent a drawer 
in which they are placed for years; and a drop of 
almost any fragrant oil placed in a handkerchief will 
fill a room with its perfume. 

h. Porosity. — K any vessel have placed in it as 
many lars^e and irreenilarly-shaped stones as it will 
contL. a^considerabr^tityTf smaUer stones or 
sand can be made to enter the vessel, and partly fill up 
the cavities or spaces between the larger stones. If 
water be then poured into the vessel, it will be found 
that a considerable quantity vnR pass into it before it 
overflows ; and when it is apparently full, if salt or 
sugar be gradually placed on tiie surface of the water, 
it will dissolve a large quantity before the water be 
increased in bulk and flow over the vessel. Now, the 
spaces between the large stones could be easily seen, 
and would be called cavities ; the spaces between the 
particles of sand could be less easily seen, and woidd 
be termed interstices; whilst similao: spaces, as they 
occur and can be seen in wood, sponge, the skin, &c., 
are called sensible pores. In the water those pores 
evidently existed, or the salt and sugar could not have 
been dissolved in it without increasing its volume. 
The pores which exist in aU bodies, but which cannot 
be seen, are called insensible or physical pores. That 
gold, silver, and other metals possess physical pores, 
has been frequently proved by filling three globes of 
these metals wiih liquid, and then submitting them to 
pressure, when the liquid has passed through the 
metals of which the globes were made, and appeared 
outside in the form of dew. The amount of porosity is 
influenced chiefly by chemical action, temperature, and 
pjnasaure. When different bodies combine chemically, 
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they generally occupy less space tlian they did sepa- 
rately, and consequently their porosity, or the spaces 
between their molecules, must be decreased. An in- 
crease of temperature tends to increase the volume of 
bodies — consequently, to separate their molecules to a 
greater distance, and to increase their porosity. Pres- 
sure, on the contrary, decreases the volume of bodies, 
and consequently brings the molecules nearer together 
and decreases the porosity. A rough estimate of the 
volume of' the sensible pores in any body may be ob- 
tained by immersing it in water, and determining its 
increase in weight. As a cubic foot of water weighs 
1,000 oz., if the body without increase of volume 
weighed 1 oz. more after immersion, the volume of its 
sensible pores would be -nnnr ^^ * cubic foot. There is 
therefore a difference between the real and apparent 
volume of a body. Its real volume is constant, and is 
the portion of space occupied by the matter of which it 
is composed ; but its apparent volume is variable, de- 
pending on temperature, pressure, &c., and consists of 
its real volume and also the volume of its pores. 

c. Elasticity. — ^If a piece of clay or miid be thrown 
against a wall, it will adhere to it ; but if a marble be 
thrown against it, it will rebound with nearly as much 
force as it was thrown. If the ball be blackened, and 
thrown forcibly against a smooth surface, it will be 
found to have left a circular mark, and not a mere dot, 
showing that the baU on impinging against the surface 
had been flattened, so that a considerable portion of 
the circumference of the ball, and not a mere point, 
had come in contact with the surface. The force with 
which it tended to recover its natural shape, and 
caused its rebound, is called elasticity; and were it 
perfectly elastic, this rebound would equal the original 
force of impact. The fact of the clay and mud re- 
maining on the wall, and having no tendency to 
recover their former shape, shows their want of elas- 
ticity. Elasticity in solids is nearly allied to flexibility; 
and though no solid body is perfectly elastic, and there 
are limits beyond which, if the body be compressed, it 
will either alter its shape ox "bieak.^'j^\»^'^^^sM^<s^ 
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of glass and steel within these limits is almost perfect ; 
and copper, iron, caoutchouc, marble, &c., also possess 
it to a considerable extent. The resistance in perfectly 
elastic bodies is always proportionate to the compressing 
force ; so that if a spring or bow be beipit or compressed 
to the extent of 1 inch by a force of 20 lbs., it will be 
bent or compressed Ij inch by a force of 30 lbs., 
2 inches by a force of 40 lbs., &c. 

Advantage is taken of this property in the manu- 
facture of spring balances, springs for watches, time- 
pieces, &c. ; also in the manufacture of cushions, beds, 
and mattresses, whether the materials be of very 
elastic materials, such as wool, hair, feathers, air, 
water, &c., or whether they are mainly of less elastic 
materials, with steel springs inserted to increase the 
elastic force. 

Liquids and gases are perfectly elastic to any extent ; 
and whatever pressure be placed upon them, they will 
occupy their original volume on that pressure being 
removed. 

Properties common to solids only : — 

a. Hardness is that property of solids by which they 
resist being worn or scratched by contact with other 
bodies. It is only a relative term, and to judge of the 
hardness of any two bodies it is only necessary to 
determine which will make an impression upon the 
other. Diamond is the hardest substance known, and 
hence its use by glaziers for cutting glass. 

Of ordinary rocks and stones granite is the hardest, 
and hence its use for paving streets and making roads 
where there is a great amount of traffic. It is on 
account of their hardness, too, that millstones, grind- 
stones, and many kinds of building stones are selected ; 
and it is this property chiefly that constitutes the 
difference between marble, limestone, and chalk. It is 
the want of hardness in gold, silver, and copper, that 
makes it necessary to alloy them with some other 
metal, so that they may be hard enough for coining, 
the manufacture of articles of jewellery, &c. 

6. Ductility. — This is chiefly a property of the 
metals, and iB that property which enables them to be 
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drawn out into wire, rods, &c. Platinum is the most 
ductile metal ; and by surrounding a wire of platinum 
with silver, so as to have a cylinder with its axis only 
of platinum, and then drawing it into a wire, one 
grain of platinum may be extended a length of more 
than 1,400 yards. 

c. Malleability is similar to ductility, only it is the 
property of spreading out into thin layers under the 
action of a hammer, instead of being drawn out in 
lengths, as in wires. It is chiefly on account of their 
possessing the properties of malleability, ductility, and 
tenacity, that the most important metals owe their 
commercial value. Steel and wrought iron are, on 
account of their ductility and malleability, much supe- 
rior to cast iron; as articles composed of the former can 
have any part of them renewed or repaired, whilst 
those made of the latter, when once broken, are ren- 
dered useless. 

Questions on Chafteb II. 

1. Mention the different properties of matter. 

2. How is extension measured in England ? 

3. When can form exist apart from matter ? 

4. What is inertia ? 

5. Is matter infinitely divisible? Give examples of minute 
division. 

6. What may be put into a vessel of water when it is apparently 
f lill, without causing it to flow over ? 

7. How may you obtain an approximation to the volume of the 
sensible pores in any body ? 

8. What is the difference between mud and marble with regard 
to elasticity? 

9. What use is made of elasticity in our common manufactures ? 
Give examples. 

10. Why is the diamond used by glaziers, and granite for making 
roads ? 

11. What is the difference between malleability and ductility? 
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CHAPTESni. 

Definition of Force. Forces acting on Matter at InsenBible 
Distances. Chemical Attraction, Ck)hesion, Adhesion, and Be- 
pulsion. 

[Anything which produces change in the state of matter is called 
forcBj and this force is always proportionate to the amount of the 
change effected. Some forces act on matter only at insensible 
distances, whilst others exert their influence so as to pervade all 
space. This chapter will be devoted to those forces which act on 
matter only when its particles are ajppar&iMy in contact.] 

Chemical attraction is that force which binds the 
atoms of a compound molecule together. It is by its 
agency that the most important changes are effected in 
the composition of bodies ; and it always acts with the 
greatest intensity on bodies made up of atoms, the 
separate properties of which are most dissimilar. It is 
the chief agent in electrical decompositions, and bodies 
are divided into electro-positive and electro-negative, 
according as they are separated by it at the negative or 
positive pole. All the metals are classed with the posi- 
tive — those most so being potassium, sodium, and zinc ; 
whilst the ;most negative are oxygen, chlorine, and 
sulphur. Chemical attraction unites most firmly the 
negative and the positive bodies, whilst its force is very 
feeble in the case of molecules made up of two positive 
or of two negative atoms ; and the slightest change of 
temperature is sufficient to separate them, whilst those 
of opposite kinds are separated with very great difficulty. 
Its force only acts at insensible distances, and sub- 
stances generally require to be dissolved or converted 
into vapour before it can act upon them. It always 
unites atoms by weight in definite proportions, these 
proportions being known as their atomic weights ; and 
it is assumed, for various reasons, that though these 
atoms differ in weight, they all, in the form of vapour, 
occupy the same volume. In the case of simple solid 
bodies, as iron, copper, carbon, &o., the atoms which 
compose their molecules are supposed to be held to- 
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gether simply by cohesion, chemical attraction only 
acting on those of compound bodies. 

Gohesiou is that property by which the separate 
molecules of all bodies and the atoms of simple ones 
are held together. It is this force which gives strength 
to materials, and which retains a block of wood, a rod 
of glass, or a bar of iron in one place. This force is 
generaclly estimated in one of two ways^-either by 
finding the weight requisite to stretch a rod of given 
diameter till it break, or by finding out the amount of 
pressure necessary to crush a cube of given dimensions. 
It is the force used for welding, as in this process the 
iron is pressed or hammered together, at a white heat, 
till it coheres with the same force as if it had been 
originally of one piece. Smooth plates of glass will 
also, if placed on each other and pressed together, 
without any increase of temperature, sometimes cohere 
so forcibly as to be worked together as one plate. Two 
plates of clean zinc, copper, or any other metal, forcibly 
pressed together, will require considerable force to 
separate them. It was thought that this was caused 
by atmospheric pressure, and considered similar to the 
experiment with the Magdeburg hemispheres ; but it 
is now known that if the experiment be performed in 
a vacuum, the force necessary to separate them is very 
little diminished. Cohesion, though so feeble in liquids 
as generally to be overcome by the action of gravity, 
yet exists to a sensible extent, as is seen in the rounded 
form of drops of rain, dew, &c. 

Adhesion is the force with which bodies of an imlike 
kind adhere together, and may be exerted between one 
fluid and another, between solids of different kinds, or 
between a fluid and a solid. The force of adhesion 
between a liquid and a solid may be measured by 
placing a circular plate of copper at one end of a beam, 
and balancing it exactly by weights placed in the scale 
pan at the other, and then allowing the plate of copper 
to rest on a vessel containing water, when it is found 
that increased weights are necessary in the scale pan 
before they are able to raise the plate from the water. 
It has been found by this experiment that yrh&\^ 1^ 
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plate of copper was about seven inclies in area, the 
weight necessary to overcome its adhesion to the fluid 
was nearly 1,000 grains. 

Bepnlsion is that force which tends to separate the 
molecules of matter from each other, and which owes 
its energy to heat, being generally most energetic in 
proportion to the heat of the body. It is most active 
in gases, where it overcomes entirely the force of 
cohesion ; less so in liquids, where the two forces are 
pretty evenly balanced ; and lea^t energetic in solids. 
Though mostly employed in separating molecules far- 
ther apart, and in overcoming cohesion, it also acts 
between the atoms of a molecule in opposition to 
chemical attraction, so that by the application of heat, 
the action of which is chiefly to increase repulsion, not 
only may molecules be separated farther from each 
other, but also the atoms of a molecule may be driven 
asunder and chemical decompositions effected. 

QuEsnoNB ON Ceattzr III. 

1. Mention the most positive and the most negative elements. 

2. On what classes of bodies is chemical attraction the most 
powerfully exerted? 

3. What is cohesion? and how is its force generally determined? 

4. What is the difference between cohesion and iidhesian f 
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CHAPTER IV. 

Phenomena dependent on Molecular Forces : Capillary Attraction, 
Exosmosis and Endosmosis, Dialysis, Nutrition and Growth of 
Plants and Animals. 

The preceding forces, which act only at insensible 
distances, and which affect only the atoms or the mole- 
cules made up of these atoms, are called molecular 
forces ; and they give rise to a certain class of pheno- 
mena, of which the following are the. most important : — 
First. Capillary Attractiou. — ^This is so called because 
it is manifested in very fine hair-liice tubes. If a 
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number of tubes of different diamet«rB be placed in a 
-vessel containing water, it will be foand that the water 
in the tubes riaeB higher than it does in the vessel, and 
that it rises highest in those tubes having the least 
diameters. If a clean glass tube be inserted in water, 
when it is withdrawn it will be found to be wetted by 
the water, and a certain quantity will adhere to the 
Buriace ; but if the same tube he plsiced in mercury, on 
withdrawing it its surface will be quite &ee from the 
meioury. ft will also be found that if a number of 
tubes of difierent diameters be placed in a vessel con- 
taining mercury, the mercury will be lowest in the 
tube of smallest diameter, and lower in the tubes than 
in the vessel ; and consequently the phenomena are en- 
tirely opposite to those shown when the tubes were 




placed in the water. If, instead of tubes, plates of 
glass with two edges touching each other, and di- 
verging at u small angle, be placed in the two fluids, 
the water will rise highest where the plates are nearest 
to ea<Ji other, and gradually sink lower ae the plates 
diverge farther, till it descend to the general level of 
its snr&ce in ttie vessel ; whilst, if they are similarly 
placed in mercury, its surface wjj, be depressed where 
the edges of the plates are nearest, and gradually rise 
to the levd of that in the vessel as they diverge. 
These phenomena arise from the action both of cohesion 
and adhesion. In the case of the tubes of glass aiid. 
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water, the adhesion of the fluid for the gl^uss is greater 
than the cohesion of the particles of the fluid for each 
other ; hence a thin film of water adheres to the surface 
of the tube, and then a thin column of fluid coheres to 
this ; so that these two forces, acting to lessen the force 
of gravity, cause the fluid to rise in the tubes and 
between the plates ; but, on the contrary, in the case of 
mercury and glass, they have less tendency to adhere than 
the particles of the fluid have to cohere together ; and 
consequently the force of gravity will act more forcibly 
upon the mercury in the tubes than it will where the 
particles of the mercury cohere together ; so that in 
the tubes and between the plates the mercury is drawn 
by the action of gravity below the general surface, just 
as it rises above it where the force of adhesion is 
greater than the force of cohesion. Hence this general 
Etw will be found to apply to every case of fluids and 
solids. If the force of adhesion between the fluid and 
the substance of the tubes or plates be greater than the 
force of cohesion between the particles of the fluid, then 
the fluid will rise in the tubes above the general 
surface ; but if the force of adhesion between the fluid 
and the substance of the tube be less than the force of 
cohesion between the particles of the fluid, then the 
surface of the fluid in the tubes will be depressed. If 
the force of adhesion be greater, the substances will be 
wetted if immersed in the fluid and withdrawn; if 
less, it will be quite dry after immersion ; so that from 
this alone it may always be known whether the fluid 
will be raised or depressed in the tubes. 

Second. Exosmosis and Eudosmosis. — If two fluids 
of different densities be separated by a thin mem- 
brane, the substance of which pan be moistened 
by both, then the two fluids will pass through 
the membrane and mix together in an inverse pro- 
portion to their density. Thus, if a glass con- 
taininff syrup or any comparatively dense fluid, and 
covered by a thin membrane, be placed in a large 
vessel containing water, much more water will pass 
into the glass and mingle with the syrup, than 
will pass from the syrup into the water. But if the 
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fluids be nearly equal in density, then that which 
adheres most to the membrane, and wets it most freely, 
will pass through it much more rapidly than the other. 
Thus if a bladder be nearly filled with alcohol and 
placed in a vessel containing water, the water will 
pass freely into the bladder, and eventually rupture it, 
whilst but little alcohol will pass out into the vessel ; 
but if a partition be made with collodion between the 
fluids, then as this is more freely wetted by the alcohol 
than by the water, the alcohol will pass freely into the 
water, whilst but a small quantity of the water will 
pass through to the alcohol. 

Dialysis is a term applied to the exosmotic and 
endosmotic action, when it takes place between fluids 
of very different chemical activity. Chemically all 
bodies are divided into two great classes — crystalloids 
and colloids. The former capable of crystallization, 
sapid and chemically active; the latter generally 
insipid, incapable of crystallization, and possessing 
scarcely any chemical activity, such as gums, jellies, 
glue, &o. 

If two substances of this kind be placed in a shallow 
tray made of parchment, and then floated on water and 
allowed to remain, they will be separated ; the crystal- 
loid passing through by dialysis into the water, and 
the colloid remaining in the tray. This presents a 
ready means generally of separating poisonous sub- 
stances, which are always chemically active, from the 
other portions of food with which they may be mixed ; 
and thus offers a means of detecting poisons when 
mixed, with the fluids of the stomach without the 
intermixture of any other substance, which by its 
action might interfere with the results of the analysis. 

Second. If two liquids be mixed together, they are 
freqtiently thoroughly incorporated, and do not after- 
wards separate ; whilst others, on the contrary, appear 
fjo mix, t^rhen agitated, together, but separate partly or 
entirelv when left at rest. Those Which remain per- 
manently mixed, if placed in the same vessel, the 
lighted at the top and the heavier at the bottom, will 
BtUl diffuse into each other in oppoaitioTL \ft ^wvJc^* 
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They diffuse into each other, however, in very different 
proportions, and generally obey nearly the same law as 
when divided by a membrane; the most chemically 
active liquids, such as hydrochloric acid, diffusing with 
much greater quickness than those of less chemical 
activity. Gases, too, when separated by a diaphragm, 
obey the same law as liquids ; the lighter gas passing 
most quickly through the moist diaphragm, if they are 
equally soluble in the water it contains; but if the 
denser gas be dissolved more readily than the other, 
then the heavier gas will pass through in greater 
quantity ; so that if a moist bladder containing oxygen 
or common air be placed in a jar of carbonic anhydride, 
the latter, by being more soluble in the water of the 
membrane, will pass into the bladder so much quicker 
than the air or oxygen passes out, so as to swell out 
and finally burst it. When, however, gases are allowed 
to diffuse into each other without the intervention of a 
.membrane, not only wiU they pass into each other in 
opposition to gravity, but, unlike liquids, which do not 
all remain permanently mixed if left at rest, gases 
when once mixed together remain so permanently ; so 
that if we take two wide-mouthed jars, one containing 
hydrogen and the other chlorine, which is more than 
35 times heavier, and place the mouths of the jars 
together, with the hydrogen at the top and the chlorine 
at the bottom, they will pass into each other, the 
heavier gas ascending and the lighter descending; 
and no matter how long they remain, they will_diot 
again separate, but remain permanently mixed. The 
rate, however, of their diffusion is always inversely as 
the square root of their density ; thus the density of 
oxygen is 16 times greater than that of hydrogen, and 
consequently hydrogen passes 4 times as quickly into 
any other gas as oxygen; and generally, the lighter 
the gas the more quickly will it pass either into a 
vacuum or into any other gas; and the heavier the 
gas the more slowly will it diffuse itself. This is the 
true reason why carbonic anhydride, which is 22 times 
heavier than hydrogen, accumulates at the bottom of 
wells, brewers' vats, &c., where it is generated more 
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quickly than it can dififuBO itself into the air ; whilst 
at the same time this property of gaseous difiEiision 
will always prevent its accumulation to any injurious 
extent in the atmosphere, except in places like those 
where it is generated with great activity. It is by 
this law of gaseous diffusion that the gases of the 
atmosphere are equally diffused on the highest moun- 
tains and the deepest valleys, and it is this also which 
prevents the injurious accumulation of carbonic an- 
hydride in large towns, and in the neighbourhood of 
breweries, large factories, lime-kilns, &c. But not 
only are liquids and gases dif^ed into each other, but 
gases are also absorbed by or dissolved in fluids, and 
also in soHds. Water, for instance, will absorb nearly 
500 times its bulk of sulphuretted hydrogen gas, and 
wheu it is absorbed to any great extent it is totaUy 
destructive of animal life. This gas escapes in large 
quantities from sewage of all kinds, and the conse- 
quence is that water thus impregnated therewith is 
so poisonous that no flsh can live in it; and as the 
gas also escapes in large quantities from volcanoes, 
where these are covered by the waters of the sea, it is 
often destructive to fishes to a considerable distance. 
The harbour of Callao has been the crater of an extinct 
volcano, and this gas escapes at times into the harbour 
in sufficient quantity not only to poison the fish, but 
also to taint tiie air of the whole city. It is owing to 
the quantity of oxygen absorbed in this way by water 
that fishes are able to exist in it ; and as cold water 
absorbs much more than hot, this is the true reason 
why our Arctic Seas teem with Hfe, and why the 
whales always avoid the warm water of the Gulf 
Stream. Some solids, as charcoal, too, have great 
power of absorbing noxious gases — the most remark- 
able of these being charcoal ; and hence the great use 
of charcoal for filters and as a disinfectant ; for the 
injurious gases are absorbed in the pores of the char- 
coal, and these form new chemical combinations which 
are devoid of their injurious properties. Carbonic acid 
gas, or carbonic anhydride, is also absorbed much more 
readily by water than either oxygen or nitiogen ; and 
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this explains what has been previously, stated as to its 
passing much more readily through a mokt membrane, 
and hence causing the bladder, filled with oxygen, to 
swell out and burst. It is also this readiness of water 
to absorb carbonic anhydride, especially under pressure, 
that gives its sparlding effervescing character to 
champagne, bottled ales, lemonade, seltzer water, &c., 
which causes the generality of spring and river water 
to be so much more pleasant to the taste than boiled or 
distilled water^ from which most of the gases have 
been expelled. 

Whilst the action of these molecular forces is felfc 
more or less in nearly all the operations of nature, 
they are especially important in their influence on the 
nutrition, growth, and other vital fanotions of plants 
and animals. 

First In the nutrition and growth of plants. 
The extremities of the fibrous roots, by capillary 
action, absorb liquids, and with them the nutritive 
matter held in solution from the soil ; and this fluid 
gradually becoming denser as it proceeds from the 
roots upwards, the osmotic action, tending from the 
more fluid to the denser liquid, will naturally set a 
current in motion upwards, in opposition to gravity ; 
and thus the nutritive fluid is conveyed from cell to 
cell, till it reaches the opposite extremities of the 
growing plant. The descent of the sap is also equally, 
aided by capillary and osmotic action ; for in this case, 
too, it gradually thickens as it descends, pausing the 
action to tend downwards from the leaves, just as it 
had been upwards in the case of the ascending fluids 
from the roots. It is owing to this that plants whose 
roots strike deeply into the ground may continue to 
grow luxuriantly when the surface is parched with 
drought ; whilst those whose roots are near the surface 
are entirely destroyed. Another common and familiar 
example of capillary action is in the ascent of the oil 
in candles, lamps, &c. ; the wicks of these supplying a 
number of hair-like tubes, by which the combustible fluid 
is conveyed to the flame as quickly as it is required. 

Second, In the nutritive and other vital fanotions 
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of animals, these forces produce results even more im- 
portant than those they perform in the vegetable 
kingdom. In all parts of the body, fluids different 
both as regards density and chemical activity, and also 
in^ regard to the quantity of solids and gases they 
contain in solution, are conveyed by vessels of a porous 
and elastic character, so that an interchange of these 
fluids and gases is constantly taking place. Were this 
not the case, life, as it at present exists, would be an 
impossibility. It is by these agencies that the nutri- 
tive portions of the blood are constantly passing 
through the thin walls of the capillaries amongst the 
tissues for their nutrition, whilst at the same time the 
useless and effete matter from the tissues passes through 
the same walls, converting the arterial into venous 
blood. It is also by the same agency that the excess 
of carbonic anhydride passes from the capillaries of the 
lungs into the air cells, whilst the oxygen passes back 
from these cells to purify the blood. When it is 
considered that the oxygen of the air enters at any one 
inspiration only into the bronchial tubes, whilst the 
carbonic anhydride passes into the opposite extremity 
of the air cells from the capillaries, we see how quick 
must be the action of gaseous diffrision; that in the 
short space between one inspiration and another, the 
air expired must lose 5 per cent, of oxygen, and obtain 
in exchange 5 per cent, of carbonic anhydride from the 
blood. It is also chiefly by dialysis that the chemi- 
cally active portions of the food pass at once into the 
nutritive system of vessels, through the walls of the 
stomach, whilst those less chemically active require to 
be combined with the gastric, pancreatic, and intestinal 
juices, before they can be absorbed by the lacteals, and 
serve for tjie nutrition of the body. 

QuEsnoNS ON Chapteb IV. 

1. Give an example of capillary attraction 

2. Wby is mercury depressed in capillary tubes of glass whilst 
iftktBt rises above the general level? 

. 3. If a bladder containing symp be placed in a vessel containing 
water, what is the result ? 
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4. What is dialysis f and where is its force most active ? 

5. Why does carbonic anhydride accumulate at the bottom of 
wells, vats, &c. ? 

6. Why is charcoal valuable as a filter? 

7. Explain the rise of the sap in plants. 

8. What kinds of fluid are constantly conveyed by the porous 
vessels of animals ? 

9. Explain the purification of the blood by the lungs. 

10. Explain the use of the capillaries in the nu&ition of the 
body. 



CHAPTEE V. 

Forces acting at all Distances. Universal Attraction. Terrestrial 
Gravitation. Stable, Unstable and Indifferent Equilibrium. 

Forces acting at all Distances. — Gravitation, or uni- 
versal attraction, is an attractive force exerted between 
all bodies, and is always equal to the products of their 
mass divided by the square of their distance. In the 
case of spherical bodies they always act upon each 
other as if their whole mass was collected at their 
centres. To illustrate this lavv, then, take the case of 
two spheres of equal weight, and let their mutual 
attraction, at the distance of 1 foot, equal 1 unit. If 
now the mass of one be doubled, and that of the other 
be trebled, and they be moved to the distance of 

2 feet, then their attraction would be - ^^ = - •= li 

times the unit. If they had been increased in weight, 
and their distances unaltered, their attraction would 
have been 6 units ; and if their weight had remained 
the same, and they had been moved to 2, 3, and 4 feet 
respectively, their attractions would have been |, ^, 
and T^ of the unit. It is this law of gravitation which 
keeps the whole of our planetary or solar system in its 
present form ; and it is the immense mass of the sun, 
as compared with that of all the bodies of that system, 
that keeps them all revolving round it as a centre. 
Strictly speaking, they do not revolve round the 
centre of the sun, but round the common centre of 
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gravity of the sun and all the bodies composing th« 
solar system. 

Terrestrial Gravitation, or Gravity, is a particular 
form of universal gravitation. On account of the great 
mass of the earth, as compared with that of any bodies 
on its surface, all bodies free to move are drawn by 
this force towards the earth's centre, and the force 
necessary to prevent this is called their gravity, or 
weight. Now as this force decreases with the square 
of the distance from the centre, it follows that bodies 
removed farther from the earth's centre will weigh less 
than those near ; and that, as the earth is not a com- 
plete sphere, but bulges out at the equator and is 
flattened at the poles, so bodies being nearer the earth's 
centre at the poles will weigh more than they do at 
the equator, where they are further distant. But as 
the rotatory motion of the earth at the equator is more 
than 1,000 miles per hour, and as this rotation has a 
tendency to throw off bodies from the earth's surface, 
and acts in opposition to gravity, this also tends to 
make the weight of bodies at the equator less than at 
the poles. 

It is calculated that about t^ of the earth's attrac- 
tion, or of the force of gravity at the equator, is spent 
in preventing bodies from being thrown off; so that, on 
this account alone, a body weighing 289 lbs. at the 
poles will only' weigh 288 at the equator ; but when its 
greater distance from the earth's centre is taken into 
account, it is known that, were the earth at rest, the 
force of gravity at the poles to that at the equator is 
nearly as 157 to 156 ; so that, owing to the combined 
action of these forces, a body weighing 289 lbs. at the 
poles would not weigh much more than 286 at the 
equator. 

It is owing to the rotation of the earth, and the 
decreased action of gravity at the equator, that the 
earth is not a complete sphere, but bulges at the equator, 
and is flattened at the poles. As all bodies near the 
earth fell towards the centre, so all bodies near the 
moon fall towards the centre of the moon; and if a 
body were placed between the moon a»d. t\i<b ^■^jxNXi.^Sss^ 
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such a position that the mass of the moon, divided by 
the square of its distance from it, equalled the mass of 
the earth divided by the square of its distance there- 
from, it would remain poised between them, without 
any tendency to move towards one more than the other. 
It follows from this that bodies decrease in weight as 
they are elevated above the level of the sea, ; so that 
if a mass weighing 1,000 lbs. were carried to the height 
of 4 miles, it would only weigh 998 lbs. ; and were the 
moon not in existence, and a body that on the earth's 
surface weighed 3,600 lbs. put in its place, the force of 
the earth's attraction upon it would only be equal to 
1 lb. ; for as the moon is distant nearly 60 times the dis- 
tance between the earth's centre and surface, therefore 

' ^ — '-, or 1, would be the force of gravity at that 

distance as compared with its action at the level of the 
sea. The force of gravity is greatest at the level of the 
sea, and decreases towards the centre directly as the 
distance from the surface increases ; and at the centre it 
ceases to act; so that could a body be placed in the 
centre of the earth, free to move in any direction, it 
would remain without any tendency to move, as regards 
the earth, in one direction more than in another. 

It has been previously stated that in a sphere gravity 
acts as if the whole mass were collected together at its 
centre, and no matter how irregular the shape, or un- 
equal the density of any body, gravity always acts 
upon it as if its whole mass were collected at one point. 
This point is called the centre of gravity of the body, 
and if this point be supported the whole body will 
remain at rest. In regular bodies of uniform density 
the centre of gravity can easily be determined by cal- 
culation. Thus, in a rod of uniform thickness, this 
point is exactly midway between the ends. In a tri- 
angular disk or plate of uniform thickness, and placed 
on one edge, it is at one-third the height; and in a 
pyramid or cone, placed upon its base, at one-fourth the 
height. Sometimes the centre of gravity is not in the 
mass at all, as in the case of a metallic or other ring, 
where the centre of gravity is at the centre of the 
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circle of which the ring forms the circumference. In all 
irregularly-shaped hodies, or bodies of unequal density, 
it is easy to determine the position of the centre of 
gravity by experiment. To do this it is only necessary 
to suspend the body from a fixed point in two different 
positions, and then draw a vertical line through the 
body in these positions. The point where these lines 
intersect is the centre of gravity of the body. 

The centre of gravity of any body being stipported> 
it will remain at rest, or in equilibrium, in any position ; 
but this equilibrium may be of very different kinds, 
and those differences are generally styled, stable, un- 
stable, and indifferent equilibrium. The equilibrium of 
a body is said to be stable if the body cannot be moved 
without raising the centre of gravity in opposition to 
the attraction of the earth ; and this stability is greater 
in proportion to the weight of the body, and the height 
to wluch the centre of gravity must be raised when 
the body is moved. 

All bodies suspended entirely jBrom fixed supports are 
in stable equilibrium, and their stability increases with 
the distance of the centre of gravity beneath the point 
of support. Generally, also, the wider the base on 
which any ^body rests, and the nearer its centre of 
gravity is to the centre of the base, the greater its 
stability, as the centre of gravity must be raised higher 
before it can be overturned. 
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UirSTABLB EQITmBttlUir* 



Unstable Equilibrimn is when the body is so placed 
that any alteration of its position caua^^ t]bk!b ^^x^^^ ^ 
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gravity to descend. This is obviously the case of a 
cone supported on its apex, of a rod or oval supported 
on its end ; and hence the difficulty of keeping those 
bodies in such position, and the skill necessary to keep 
them balanced in them ; since every motion of the body 
requires a corresponding movement of the point of sup- 
port, to prevent it from falling. It follows, however, 
that contrary to what would at first seem probable, 
the longer the rod or cone thus balanced is, the easier 
it is to keep it in equilibrium. 

Indifferent Equilibrium is when on movement of a 
body the centre of gravity neither rises nor falls, but 
moves in a horizontal plane. This is the case when a 
sphere is placed on any horizontal surface, since in 
whatever direction it moves the centre of gravity 
neither rises nor falls. When the path of the centre of 
gravity moves in a curved line, there will be two 
points of equilibrium — one point of stable, where the 
curve occupies its lowest, and one of unstable, where it 
occupies its highest point. 

Questions on Ohapteb V. 

1. What is gravitation ? and what is the law of its decrease in 
force? 

2. Why do bodies weigh less at the earth's equator than at its 
poles? 

8. What effect has the revolution of the earth on its axis on the 
weight of bodies at the equator ? 

4. Where is the force of gravity greatest, and how does it decrease 
as we ascend above or descend below the level of the sea? 

5. What is the force of the earth's attraction on the moon as 
compared with its force at the level of the sea? 

6. How does gravity act on a sphere ? 

7. Define the centre of graviiy, and state how it may always be 
determined. 

8. Define stable equilibrium. 

9. What is the state of equilibrium of bodies suspended from 
fixed supports ? 

10. Give examples of unstable and indifferent equilibrium. 
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CHAPTEE VI. 

Weight of Bodies. Specific Gravities. Standards of Oomparison 
for Solids, Liquids, and Gases. Methods of Determining Specific 
Gravities of Bodies. Hydrometer. 

As it is the force of the earth's attraction that gives 
gravity or weight to bodies, and as it exerts this force 
with far more effect on some than on others in propor- 
tion to their volume, so it follows that the same volume 
of different bodies will vary in their weight. These 
variations in the weights of the- same volume of bodies 
are called their specific gravities. As these gravities 
are relative only, it is necessary to fix on some unit of 
comparison, and to refer all other bodies to this unit ; 
for though we speak of bodies as heavier or lighter 
than each other, in a general way, when we wish to 
state this accurately we always refer them to this 
common standard. 

For fluids and solids, water is taken as the standard ; 
and as a cubic foot of water, at a temperature of 60°, 
and a pressure of the atmosphere equal to 30 inches 
of mercury, weighs 1,000 ounces; so from this the 
weight of any other body whose specific gravity is 
known may be easily determined. As the density of 
water is greatest at the temperature of 39*2° Fahr., 
or 4° C, so in France, and generally on the Continent 
of Europe, this temperature is taken as the standard, 
not only for calculating specific gravities, but also for 
the standard of weight for all purposes. Their unit of 
measure is called a metre, and the weight of a cubic 
centimetre of water, at a temperature of 4° C, and an 
atmospheric pressure of 760 millimetres, is called a 
gramme, by the multiplication or division of which all 
their weights are derived. But though water is the 
best standard with which to compare all other liquids 
and solids, yet for gases it has been usual to take air as 
a standard, and to speak of the density of other gases 
in relation to air. There are, however, many advan- 
tages in taking hydrogen as the staud^bX^, fee \JckKa*^^^ 
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atomic weights give at onoe their specific gravities as 
compared with hydrogen ; and as 11*19 litres of hydro- 
gen just weigh 1 gramme, the weight in grammes of 
11*19 litres of any other gas gives at once its specific 
gravity. 

As the earth is surrounded by a gaseous envelope 
called the atmosphere, the specific gravity of which 
near the earth's surface is nearly 772 times less than 
that of water, the action of ike earth's attraction 
upon this must be for equal volumes much less than it 
is for any liquid or solid body ; and therefore a stone, a 
drop of water, or any other solid or liquid body, falls 
to the earth through the air because its weight in pro- 
portion to its volume is much greater than that of the 
air ; but if a body, such as a balloon, be filled with pure 
hydrogen, heated air, or common gas, it will rise in 
the air because the force of gravity on the air is greater 
for the same volume than it is for the balloon. The 
rising of a balloon in the air is therefore just as much 
owing to the attraction of the earth as the falling of a 
stone ; the one rising because its specific gravity is less, 
and the other falling because its specific gravity is 
greater than that of the air. The same principle 
applies also to bodies sinking and rising in water. 
Thus a stone or a piece of iron will sink in water, 
whilst a cork or any other light wood will rise, just 
because the specific gravity of the stone or iron is 
greater whilst that of the cork or light wood is less 
than that of the water. 

Strictly speaking, we rarely obtain the exact weight 
of any bulky and light substance weighed in air, 
but it always appears to weigh less than it really 
does by the difference between the weight of the air 
occupied by it and that occupied by the substance 
used as a weight. This may be proved by balancing 
at the ends of a well-balanced lever a piece of pla- 
tinum and a hollow sphere of, say, 10 or 12 inches in 
diameter. If after they have been equally balanced 
in air they are placed under the receiver of an air- 
pump, and the air exhausted, it will be seen that 
the sphere sinks, showing ^that it is actually heavier 
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Uian the platiniim by which, it was balanced in the air ; 
and by adding to the platinum a -weight equal to that 




volume of air di^laoed by the sphere, and then placing 
them in the receiTer and producing a vacuum, it will 
be found that they exactly balance each other. If a 
body be weighed in air and then in water, it will bo 
found to lose a certain part of its weight, and the part 
lost is always the weight of a volume of water equal to 
its own bulk. As water forms the standard of specific 
gravity for fluids and solids, this affords an easy 
method of determining the spcciflo gravities of all 
solids heavier than water, providing the water does 
not dissolve them. It is only necessary to weigh 
the substance in air and then in water, and divide 
ite weight in air by the amount it loses by being 
woighed in water, and the quotient will be its specific 
gravity. Thus, if a body weigh 12 lbs, in air and 
10 lbs. in water, then, as it loses 2 lbs. weight, it 
follows that a volume of water equal in bulk to the 
. , 11 • 1 nii , its weizht ia air 12lb9. „ 

body would weigh 2 lbs., and jt. lo^ in water aifa. = *■ 
which is therefore the specific gravity of the body. 
If, however, the substance be soluble in water, it 
must then be weighed in some liquid such as oil or 
alcohol in which it is not soluble, and its specific 
gravity determined in the same way vrith regard to 
that liquid, and then the result multiplied by the 
specific gravity, if the liquid in which it was we^ed 
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will give its specific gravity as compared with water. 
Thns, if a body in air weighed 15 lbs. and in alcohol 
10 lbs., then V = ^ ^^r its specific gravity as compared 
with alcohol, and this multiplied by 792, which is the 
specific gravity of alcohol, would give 2'376 for the 
specific gravity of the body. 

To determine the specific gravities of fluids, an 
isstroment called a Hydrometer is generally used. 
These instruments are of different forms, but they 
all depend upon the principle that a floating body 
always displaces a quantity of fluid equal to itself 
in weight, and consequently, that any solid of known 
weight will sink deeper in a lighter than in a heavier 
^^ liquid. These instruments are much 

used in the Excise, by dealers in 
spirits, &c., for as the specific gravity 
of alcohol is only 0*792, any addition 
of water to it will increase its specific 
gravity, and consequently the hydro- 
meter will sink lower in proportion 
to the strength of the spirit. In the 
case of acids, milk, &c., the density of 
which increases with their strength or 
purity, the same instrument, though 
differently graduated, is used to de- 
termine the strength or purity of 
the liquid to be tested. The specific 
gravity of fluids may also be obtained by balancing at 
the ends of a delicate scale beam, by a weight, a 
bottle that will exactly contain a known weight of 
water, and then dividing the weight of the liquid 
whose specific gravity is required by the weight of 
water the bottle will contain. Thus, if the bottle 
hold 10 ounces of water, and being filled with olive 
oil, the specific gravity of which is required, it will be 

9"15 
found to weigh 9-15 ounces, and = '916, which is 

therefore the specific gravity of the oil. The specific 
gravities of gases may be obtained in a similar way, 
Dy carefully weighing a large globe full of air, and 
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then, after exhausting the air, filling it with the gas 
whose specific gravity is required. Then the weight 
of the gas, divided by the weight of the air, will give 
the specific gravity of the gas compared with the 
atmospheric air, as in the case of* fluids it gives the 
specific gravity as compared with water. Thus, if the 
dlfierence between the weight of- the globe when fall 
of air and when exhausted by the air-pump was 2 
grains, and that this difference in the case of any gas 
whose specific gravity was required = 3 grains, then 
f- = 1*5, the specific gravity required. The importance 
of being able to determine specific gravities in the 
cases of spirits, acids, milk, <S?c., as a means of prevent- 
ing adulteration and &aud, are well known. The 
ordinary method of testing gold coins, too, depends 
upon lie same principle, for as gold is by far the 
heaviest metal excepting platinum, so any counterfeit 
sovereign equal to it in weight must exceed it in- bulk. 
Any coin, - therefore, equal in weight, and passing 
through the same space as would just admit a sovereign, 
may be fairly concluded to be genuine. 

Questions on Chapter VI. 

1. What gives weight to bodies? 
\ 2. What is meant by specific gravity ? 

3. Mention the different standards of specific gravity in England 
and France. 

4. What standards are generally fixed upon for gases ? Why is 
hydrogen the best? 

5. Why does a balloon rise in the air? 

6« What prevents ns ordinarily obtaining the exact weight of any 
bulky sabstance ? 

7. What is a hydrometer? 

8. How can a hydrometer be nsed to test the pnrity of spirits? 

9. Explain the principle of the common tests for genuine gold 
coins. 

10. What other methods may be nsed for determining the specifio 
gravities of fluids or gases ? 
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CHAPTEE VII. 

The Laws which Regulate the Descent of Falling Bodies. Pen- 
dulums, and the Laws which Kegulate their Periods of Oscillation. 

The attraction of the earth, as has been stated, differs 
at different places on its surface, and generally increases 
with the latitude, being least at the equator and 
greatest at the poles. It is also a constantly-accele- 
rating force, and bodies under its influence move with 
ccmstantly-increasing speed till brought to a state of 
rest by some opposing force. This force, in the latitude 
of London, would give to a falling body in 1 second a 
velocity of 32*19 feet, in 2 seconds 64*38 feet, in 3 
seconds 96*57 feet, &c. ; for as gravity acts constantly, 
and gives a velocity from a state of rest of 32*19 feet in 
a second, in the next second it will also give an 
increase of 32*19, which, added to 32*19 it had at the 
commencement of the time, will give 64*38 as the 
velocity at the end of 2 seconds, 96*67 at the end of 
3 seconds, &c. Generally, therefore, if a = time in 
seconds, then a x 32*19 will give the velocity of a 
falling body at any period of its progress. 

But as a body falling from a state of rest till it 
acquired a velocity of 32*19 feet will have a mean 
velocity of 16*095, being that it would have at the end 
of half a second, so its mean velocity in the next second 
would be 48*285, in the third 80*475, and generally as 
16*095 multiplied by 1 for the first, 3 for the second, 
and 5 for the third, 7 for the fourth, and so on by the 
odd nimibers, which are one less than twice the number 
of seconds during which the body has fallen : thus its 
mean velocity in the seventh second will be 2 x 7 — 1, 
or 13 X 16*095 = 209*235 feet, which is the space 
through which a body, would fall in the seventh second. 
The spaces fallen through from a state of rest in any 
number of seconds will always equal 16*095 feet x 
square of the time in seconds. In the first second it 
falls 16*095, in the second 48*285, and 48*285 -f 16*095 
= 64-380, or 16*095 x 2^; so in the third second it will 
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fell through 80-475, and 80-475 + 64-380 = 144855, or 

16-095 X 3^, and so on any number of seconds. 

Now, as the force of gravity during one second 

produces^ a velocity of 32-19 nearly, and in half that 

32*19 
time — ^--, or 16*095, let a = space or height from 

which a body falls, t = time in seconds, « = velocity, 

and 16*095 = ^, or half the velocity at end of one 

second, then the following formulae will enable any 
one of these to be found when the others are given : — 

(1). Thus, « = <2 ^ I = /2 >< 16-095 = ^ X ^ 
(2). 1? = / X ^ = * X 32-19. ^ 

(3).. = ",= " 



g 32-19 

Substituting the value of t in (3), in formula (1) it 
becomes — 

(4). « = - X - X ^ = ;r» ^^^ v^ =^ 2gx 8, 
^ ^ g g 2 2g 

If a heavy body, instead of falling perpendicularly, 
fall down an inclined plane, a series of inclined planes, 
or along a curved surface, its velocity at any point 
will be the same as if it had fallen perpendicularly 
down the height of the plane or curve. 

A simple pendulum is a heavy particle suspended 
from a fixed point by a wire or string, and allowed to 
oscillate backwards and forwards. If it met with no 
resistance it would, in moving downwards from any 
position higher than its lowest point, gain momentum 
enough to carry it as far above its lowest point on the 
other side, and would thus go on oscillating backwards 
and forwards for any length of time. But as the air 
and the friction at the point of suspension each oflFer a 
certain resistance to its progress, so it would soon be 
brought to rest were not some force given to it, suffi- 
cient to overcome these resistances. In the case of 
clocks, time-pieces, &c., this force is generally ^^^-a 
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either by a weight or by the force of a spring, the 
uncoiling of the spring or the descent of the weight 
being regulated by the motion of the pendulum itself. 
If the amplitude of the oscillations be small they are 
performed in equal times, and those times are always 
inversely as the square root of the length of the 
pendulum. Thus, if 3 pendulums of the lengths of 1, 
4, and 16 feet each, were allowed to oscillate in small 
arcs, it would be found that the first would make 
4, and the second 2, whilst the third made 1 oscilla- 
tion. 

The accelerating force that makes the pendulum 
descend is evidently the force of gravity acting upon 
it at that point, and therefore the number of oscilla- 
tions of a pendulum in any given time will be a 
measure of therforce of gravity at that place. It has 
thus been practically determined that, as stated pre- 
viously, the force of gravity is least at the equator and 
increases with the latitude towards the poles ; and con- 
sequently the length of a pendulum that performs such 
oscillations in one second will be less at the equator 
and greatest towards the poles. The length of the 
seconds pendulum in the latitude of London is 39' 1393 
inches, whilst at Spitzbergen, according to General 
Sabine, it is 39*21464 inches, and at Sierra Leone 
39-01954. 

Questions on Ghafteb VII. 

1. Through what space will a body fall in one second in the 
latitude of London ? 

2. Through what space would a body foil in five seconds ? 

3. Through what space must a body fall to get a velocity of 
3,219 feet per second ? 

4. What would be the comparative number of oscillations of 
two pendulums, one sixteen and the other sixty-four feet in length? 
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CHAPTER VIII. 

The Atmosphere : its Pressure. Boyle's and Marriott's Law. The 
Magdeburgb, Torricelli's and Pascars Experiments. Winds: Per- 
manent, Periodical, and Variable. 

The atmosphere is that gaseous envelope that sur- 
rounds the earth on all- sides, rotates with it daily 
on its axis, and also accompanies it in its journey 
round the sun. Dry air consists by volume of nearly 
79 nitrogen and 21 oxygen, and by weight of 77 
nitrogen and 23 oxygen. It also contains a small 
quantity of carbonic anhydride and traces of ammonia 
and various other gases. Along with this is also a 
varying proportion of aqueous vapour ; this proportion 
being generally much greater in hot countries than in 
cold, and also much greater over islands and near the 
coast than it is in the interior of continents. These 
different gases arc not arranged in the order of their 
weight, or else we should have near the earth a thin 
layer of carbonic anhydride, then a much thicker one of 
oxygen, over this a still larger one of nitrogen, and 
above all one of aqueous vapour. The atmosphere, like 
all gases, obeys the laws of gravitation, and, as that 
nearest the earth's surface must sustain a pressure of 
the entire column above it, its density is greatest near 
the earth's surface, where it sustains an average pressure 
of about 15 lbs. on every square inch, and its density 
decreases as we ascend ; so that at the height of 3 miles 
it is only about ^, at 6 miles |, and at 15 miles only 
about ^V ^^ "what it is near the surface. The law which 
regulates the volume of gases is known as that 
of Boyle or Marriott, and is, that, the volume of a 
gas is always inversely as the pressure, i.e., that, 
as the air near the surface occupies a certain space with 
a pressure of 15 lbs. on the square inch, if the pressure 
be increased to 30 lbs. it will only occupy half the 
space, if to 45 lbs. only one-third the space, and if to 
eOlbs. one-fourth the space, &c. The pressure of the 
atmosphere is equal to a column of mercury of tW 
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height of nearly 30 inches, to one of water of nearly 
34 feet, and to a column of 'air of the density at the 
earth's surface of a little more than 5 miles ; but, as 
the air decreases rapidly in density, and becomes more 
and more rare as we ascend, there must come a height 
where the atmosphere will cease altogether, or become 
too rare to produce any sensible effects. It has till 
lately been considered that at a height of 45 or 50 
milds the force of the earth's attraction would overcome 
the repulsive force of the molecules of the atmosphere, 
and that . therefore it did not in any sensible form 
extend beyond that height. It has, however, lately 
been proved that at a height of 150, or even 200 miles, 
it produces sensible action on meteors and light, so 
that the probability is that it gradually thins away 
into that imponderable form of matter generally called 
ether which pervades all space. If the law of Marriott 
continue to act to an unlimited extent, a cubic inch of 
air from the surface of the earth would be expanded, at 
a distance between the earth and the moon, where their 
attractive force is equal, so as to occupy a far larger 
space than the whole atmosphere has generally been 
considered to occupy; on the other hand, if this law 
continued downwards, at a depth of about 46 miles the 
atmosphere would be equal in density to mercury. 

That the pressure of the air is a reality is easily 
proved by an experiment first performed at Magdeburg. 
Two hollow hemispheres, to one of which is attached a 
contrivance for exhausting the air, are placed together, 
and then, by means of an air-pump, the air inside the 
hemispheres is exhausted. It is then found that a 




considerable force is necessary to s^^^orate them ; and as 
tbh force is necessary in whatever "^o^Waotv ^i^DLfc tea>Kr 
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ipheres are placed, it not only provea the reality of the 
■pieeevie of the air, but tliat it ia exerted in all direc- 
tions When the air is readmitted ins'do the hemi 
mheres they are found to separate again very eaBiIj 
lowing that the force required when they Tvere ei 
haosted of air was not due to cohesion but to atmof,phoric 
pressnre 

The following expenment however will in a 
very aimple and convmcmg manner prove that the 
atmosphere presses upwards as well as downwards 
Take an ordinary 
tumbler fill it wiUi 
water place a piece 
of card over it and 
keeping the card 
in its place invert 
the tumbler The 
hand may then be 
removed and the 
water will be kept 
in the glass, in oppo- 
sition to its gravity, 
by the upward pres- 
sure of the air upon 
the card. 

The actual force of this pressure at the amface of the 
earth was demonstrated by Tonicelli, who, having a glass 
tube of about 3 feet long, closed at one end and filled 
with mercury, placed the open end in a vessel con- 
taining mercury, and then found that the column of 
mercury in the tube stood at a height of nearly 30 
inches, whilst the space above this from whence the 
mercury had fallen was emptied of air and formed 
a kind of vacuum, known from this discovery as that 
of Torricelli On making an opening in the closed 
end of the tube, aad admitting the air, the merouiy 
fell to the level of that in the vessel in which the 
tube was placed ; thus proving that it had been ^ve- 
viously supported in the tube by the atmos^\«inB \iwar 
sate. To be more certain, however, ftia.\i ^^loa ■^'»* 
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the true solution of the phenomenon, Pascal, knowing 
that the atmospheric pressure would decrease with the 
height above the level of the sea, had the same experi- 
ment performed on the top of the Puy-de-D6me, in 
Auvergne, and found, as he expected, that the column 
of mercury supported in the tube was 3 inches lower 
than that supported at the level of the sea. If a tube 
of glass about 40 feet long be similarly filled with 
water, and its open end placed in a vessel full of that 
liquid, the column in the tube 'will descend to the 
height of 33 or 34 feet, and there remain, unless the air 
be admitted into the upper end of the tube, and then it 
will descend to the level of the fluid in the vessel in 
the same way as was done in thp mercury. Now, as 
the specific gravity of mercury is 13*59, this, multiplied 
by 30 inches, the height of the column of mercury, will 
give the height at which the water stands in the tube ; 
thus again showing that the two phenomena are owing 
to the same cause. 

Were the atmosphere always in a state of repose 
the law of gaseous diffusion would tend ultimately 
to keep it in a state of purity, but, as this diffusion 
requires time, and as the causes which tend to vitiate 
the air, especially in populous neighbourhoods, are 
powerful and active, the moven;ients of the air by 
winds, storms, &c., are very necessary influences, the 
tendencies of which are all in the same direction. 
Winds of all kinds arise generally from variation in 
the temperature of the air. Wherever the temperature, 
of the air is increased it expands, and, becoming lighter, 
ascends, causing a current of colder and denser air 
which comes to take its place. In the equatorial por- 
tions of the earth the air, heated by the direct rays of 
the sun, becomes lighter, and, rising up, a current of 
colder and denser air from the polar regions comes 
towards the equator to supply its place. These currents 
would cause a northern current from the north pole, 
and a southern* one from the south pole, towards the 
equator ; but, owing to the rotation of the earth on its 
axis, these currents are converted into a north-eastern 
cuirent on the north side and a south-eastern current 



*RA1>K WINDS* 1)3 

on tlio south side, there Leing between the two a 
shifting zone or region of calms. As these currents 
blow steadily during all the year over the greatest 
portions of the Atlantic and Pacific Oceans to a distance 
of 25® to 30° on each side of the equator, they are called 
permanent winds, and, because of their great importance 
to trade and commerce, especially before the discovery 
and general use of steam, they are known as the Trade 
Winds. Another important class of winds are called 
periodical, from their blowing regularly at stated 
periods. The most important of thefee are the Mon- 
soons, which blow in the Indian and western nortions 
of the Pacific Ocean, blowing regularly from the south. 
west from April to October, and from the north east 
from October to April. In this class of winds may 
also be reckoned the land and sea breezes which regu- 
larly, in many parts of the world, but especially in the 
tropical islands of the Pacific, blow from the sea 
towards the land during the day and from the land 
towards the sea during the night. 

In addition to these, violent and sudden winds often 
arise within the Torrid Zone during the hottest part of 
the year. These winds are known as cyclones or hurri- 
canes when they occur in the West Indies, and as 
typhoons when they occur in the Indian Ocean and 
China Seas. Though these, from their extreme violence, 
are often the cause of much loss of life and valuable 
property, yet they tend in those hot districts to purify 
the air and to remove from it many sources of impurity, 
prejudicial to animal and vegetable life. In addition to 
the movements of the air called winds, the atmosphere 
has its tides, which are as regular in their recurrence 
as those of the ocean ; and from the rotatory action of 
the earth, and the decrease of gravity near the Equator, 
there is no doubt that the atmosphere extends much 
farther at the Equator than it does in the neighbour- 
hood of the Poles. 

QrESTiOKs ON Chapter VIII. 

1. What is tho atmosphere? and of what does it consiat ? 

2. Where is the greatef t amount of vapour contained vcv \^'<> 
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S. EipLiiu Bojie and Marriott's lair. 

4. To wliat height ia the KtmOBphere mppoaed to extend? 

5. What woold bo the density of the air at a depth of fbtty-dl 

6. Explain the ei^periments itlostratin^ the pressure of tbo air, 
uud describe the experiments of Tonicelli and Pasml. 

7. Explain tlie ongin of winds. 

S. Desoribo and account for the trade winds and m 

'J, Eiploin the beucficiat effects of winds and stor 
Ute latter most frequent ? 



CHAPTER IX. 

iDStrumeuts DepeuiliDg for their Use on 
Atmoaplieio. The Boiomeler, and its I 
The Ftunp and Syphon. 

The Barometer. — This, as its name impliea, is an inBtru- 
ment used for meaBoring the 
gravity or weight of the air. In 
its simplest form it consists of a 
tube 33 or 34 inches in length, 
and closed at one cud, and the 
open end placed in a vessel con- 
taining mercurj". As the air 
presses freely upon the mercury 
in the vessel whilst that in the 
tnbo is nearly quite free from 
that pressure, so the length of 
the colnmu in the tube will vaiy 
with the variation of tho atmo- 
apherie pressure. As ivo can 
easily conceive the whole of the 
atmosphere to consist of a num- 
ber of thin layers placed upon 
each other, it is evident that tho 
lowest will sustain the pressure 
of the whole of those above it; 
the next, of all but one; tho 
Hext, of all but two, and so on, each upper layer 
hoauog a Icbs pressure than the one below it. It 
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appears easy therefore to understand how the barometer 
may be used to determine the height of mountains ; 
and though the calculations, to be exact, require great 
care, yet an approximation can easily be made where 
the distance is not great, by allowing a height of 800 
feet for each inch the column of mercury descends 
beneath its height at the level of the sea. But the 
barometers in most common use are the syphon or 
wheel barometers. In these the tube is bent upwards, 
and the part bent up to which the air has access has a 
float, which being partly counterpoised by a weight, is 
connected therewith by a pulley. To this pulley an 
index is attached, and this index points out the rise or 
fall of the mercury. A great height of the column of 
mercury is considered to betoken fine weather, a medium 
height, variable, and a low column wet or stormy 
weather ; and from these indications of the state of the 
weather being marked on the barometers they arc 
popularly described as weather-glasses. Though these 
indications must be often incorrect, and must be alto- 
gether wrong under very different conditions of climate 
and altitude, yet, when proper allowance is made for 
these varying circumstances, there is more tnith in 
their indications than is generally supposed. It seems 
at first sight unreasonable to suppose that there should 
be any intimate connection between the weight of the 
atmosphere and the fall of rain ; but if the following 
facts be carefully considered this connection will, I 
think, be clearly established. 

First The different gases that make up the atmo- 
sphere are of very different specific gravities. Thus, 
carbonic anhydride is 22 ; oxygen, 16 ; nitrogen, 14, and 
the vapour of water 9 times heavier than an equal 
volume of hydrogen. The quantity of carbonic anhy- 
dride being only 3 to 5 parts in 10,000, it is altogether 
too small to affect materially the weight of the air ; and 
as the oxygen and nitrogen in dry air are always mixed 
in the same proportion, so no variations can arise from 
an atmosphere of dry air but such as arise^ from a 
variation in its mass, as by winds, tides, &c. But dry 
atmospheric air has very different powers o^ «»^\!e^j^\s>ccwi*^ 
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in an invisible form the vaponr of water. At a freezing 
temperature it can only thus retain y^th of its weight ; 
at 59° Fahr., ^^th ; at 86°, :^th ; at 113°, i ; and at 140°, 
-j^th. Now the weight of dry air as compared with 
aqueous vaponr being about 5 to 3, it follows that the 
greater proportion there is of vapour mixed with the 
dry air, the lighter it will be ; and as the probability of 
rain felling is proportionate to the amount of vapour in 
the air, there is, consequently, a greater probability of 
rain in propoi*tion to the lightness of the atmosphere, 
as that very lightness is caused by the vapour it con- 
tains. This large amount of vapour held by hot air, and 
its consequent lightness, account for the fact that, 
though there is no doubt that the atmosphere extends 
considerably further at the Equator than it does towards 
the Poles, yet its pressure is much lower at the Equator 
than it is at a distance of 30° or 40° from it. As vapour 
passes into the air most freely from large bodies of 
water, and as there is much more water in the southern 
than in the northern hemisphere, so this also accounts 
for the well-known fact, that the atmospheric pressure 
at equal latitudes is very much less in the southern 
than it is in the northern hemisphere. It also 
equally explains the fact, that this pressure is gene- 
rally less on islands, and near the coast, than in the 
centres of large masses of land, and is especially 
less when the winds come from the direction of the 
oceans, as then they are likely to contain much more 
vapour. 

Another instrument depending for its use on atmo- 
spheric pressure is the common, or suction pump. This 
consists essentially of a tube placed at its lower end in 
contact with the fluid, and having, closely fitting this 
tube, a piston, furnished with a valve opening upwards 
to allow the fluid to pass through it when the piston 
descends, and closing to prevent its return when the 
piston ascends. During the ascent of the piston, a 
vacuum of a more or less perfect kind would be formed 
under the piston were it not that the ^pressure of the 
air forces the water up the tube after the piston, and 
when the piston descends the valve opens and the 
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water flows tlu-ough and It mately pas es out at a 
spoilt near tlie top of the t be 

As this pump depends for its act on on atmospher o 
pressure, it cannot, by n e e esha st on of the a r n 
the tube, cause tbe water to ris lugher than about 60 
feet, and this height of con so 
decreases as tho elevation above 
the level of tho sea increase 
If the piston worked con pletely 
air-tight, tbe column of water 
could be rp,iaed nearly 34 feet 
this being the length of a column 
of water equal in weight to a. 
column of mercury of the height 
of 30 inches; but as a perfect 
vacuum cannot be obtained in 
practice, water can rarely be 
laised bymeresuction more than 
30 feet. I^ however, a valve 
opening upwards be placeil at 
a lower level than this water 
can still be raised to any re- ■ 
quired height ; but this is not 
owing to atmospheric pressure 

the water being simplj 1 Ited ' 

by tho ascent of the p ston " 

Pumps which raise the wate partly by afn oeph o 
pressure and partly by 1 ft ug are {,enerally called 
lifting pumps. If tho p ston be sol d and i 
descent, instead of allowing tho wat 
to rise through a valve, fo ce t dow 
before it into a second tube f m sb 
with a valve opening upwards to all 
the water to enter, but wb oh w 11 
allow it to return, then it s cal oi* 
force-pump, and water can of con si 
raised thereby to any required he ] 

The Syphon, which is of such c 
moa use in emptying casks barrels 
&c., consists of a bent tube having one 1 g lon^ei^ 
than the other. If this be filled w th fluid Mi^ 'Oi 
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the shorter end placed in the vessel to be emptied, the 
fluid will have equal atmospheric pressure at each end 
of the tube ; but as the weight of the column in the 
longer tube is greater than that in the shorter, it will 
fall by gravity, and the pressure of the air on the 
liquid in the vessel to be emptied will compel the fluid 
therein to enter the shorter end of the tube as quickly 
as it descends fromthe longer. 

Questions on Chapter IX. 

1. Explain the construction of the barometer. 

2. Why can it bo used to -determine the height of mountains and 
foretell rain ? 

3. Which are the heaviest and which the lightest constituents of 
the atmosphere ? 

4. How does the temperature of thp air affect the quantity of 
vapour it can contain ? 

5. Whether is the barometric pressure greater in the northern 
than in tiie southern hemisphere? Give the reasons for this 
difference, 

6. To what height can water be raised by an ordinary pump ? 

7. Explain the action of forcing and lifting pumps* 

8. What is the use of the syphon ? 
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CHAPTJEE X. 

Sound : Noise, Music. Waves of Sound Medium of Propagation. 
Velocity in different Media. Intensity. Reflection. Reflection 
of Sound. Echoes : Whispering Galleries. 

When an impulse is given to the air ol: any other elastic 
body, causing it to assume a vibratory motion of suf- 
ficient rapidity, sound is produced. Sounds are of two 
kinds — noise and music. Noise arises from irregular, 
harsh or discordant sounds, such as firing of a pistol, 
the scratching of a nail over a rough surface, or the 
passing of a wheel over a rough road. Music, on the 
contrary, arises from regular vibrations, such as those 
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produced by striking the strings of a harp or pianoforte. 
The only essential of a musical sound is, in fact, that 
the undulations producing it should be of sufficient 
rapidity, and the impulses follow each ot,her at regular 
intervals. When an impulse is given to an elastic 
body, its molecules have a tendency to return to their 
original condition of equilibrium, but, from the property 
of inertia, they can only do this by making a series of 
oscillations, or vibrations, on eaph side of this position, 
the amplitude of these vibrations decreasing till they 
gradually cease. Thus, if a pendulum be moved from 
its state of rest it will oscillate backwards and forwards 
on each side of the point of suspension, each oscillation 
being less than the preceding one, till at last it comes 
to rest in equilibrium exactly under its point of sus- 
pension. If a stone be dropped on the surface of smooth 
water, it will displace a certain quantity and heap it up 
around it ; and this raised portion of water will be seen 
to widen out in a larger and larger circle, its height 
becoming less and less as the circle is increased, till it 
becomes too small for its progress to be traced. Between 
this outer circle and the original cause of disturbance 
will be found a series of lesser circles, where the water 
is elevated above, and between these spaces where it is 
depressed below its general level. 

The distance between one elevation and another in 
called the length of the wave, its elevation above the 
general level, its height, and its depression below that 
level, ih.G ^depth, and the distance from its position of rest 
to which any individual particle of water is driven is 
called its amplitude. The amplitude is always pro- 
portionate to the force of the original impulse, and 
measures the intensity of the sound ; and as the ampli- 
tude increases with the distance from the original im- 
pulse so does the intensity of the sound ; this always 
decreasing inversely as the square of the distance when 
the sound is propagated in open air. If, however, the 
sound be propagated along smooth tubes then the in- 
tensity decreases only as the distance, and hence tubes 
are now very commonly employed as a means of com- 
munication between distant parts oi W\\j\!yj\^^, ^i V3 
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their means conversation may be carried on between 
persons at a distance, where through the open air this 
would be quite impossible. 

Sound can only be propagated by elastic bodies, and 
the quickness with which it is propagated depends on 
this elasticity ; the hindrance to its propagation being 
the density. It therefore proceeds with the greatest 
velocity through substances whose elasticity is greatest 
in proportion to their density ; and if the density of 
any substance be increased, whilst its elasticity remains 
the same, it will then proceed through it slower; whilst 
if its elasticity be increased, the density remaining the 
same, it will proceed through it with greater velocity. 
Sound passes through gases having the same elas- 
ticity with a velocity inversely as the square root of 
their density. Thus, as the density of oxygen is 16 
times that of hydrogen, sound travels 4 times quicker 
through hydrogen than through oxygen; travelling 
through oxygen at the rate of 1,041 feet, and through 
hydrogen 4,164 feet per second; whilst through car- 
bonic anhydride, which is 22 times denser than hydro- 

4164 
gen, it passes with a velocity of /— , or nearly 886 

feet per second. Its velocity through air naturally 
depends upon the temperature, for an increase of 
temperature decreases the density without decreasiag 
the elasticity. At a freezing temperature this velocity 
is 1,090 feet per second, and the velocity increases 
2 feet for every increase in 1° C. to the temperature. 
Hence at 10° C. its velocity will be 1,110 feet per 
second, at 15° C. 1,120 feet, &c. At the same tempera- 
ture the velocity of sound in air is the same, whatever 
be its density; and the velocity of sound at the 
highest elevations reached by man is the same as at 
the level of the sea, when allowance is made for the 
difference of temperature. From what has been stated 
previously respecting the density of the vapour of the 
atmosphere, it will be understood that sound would 
travel more quickly through, tloie Na'^wvx ^Voi'Ci^^V^st^ 
than through dry air ; and vrlieii t\v«Y^ \% ^ ^vxS^ssv^tA. 
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quantity of vapour in the air to transmit sound, two 
distinct reports of guns, cannons, &c., are commonly 
heard ; the first through the vapour atmosphere, the 
second through the dry air. 

As light is comparatively instantaneous, and sound 
travels at a known rate, the difference between seeing 
the flash of Hghtning and hearing the thuAder gives us 
pretty accurately the distance of the electric discharge; 
and we can also, by noting the time between seeing 
the flash of a cannon or gun and hearing the report, 
determine the distance at which they are fired. In 
water the elasticity, as compared with its density, is 
nearly 16 times that of air; so that sound travels 
4 times as quickly through water as through air. 
The elasticity of solids, as compared with their density, 
is— except in the case of lead, through which sound 
travels slower than through water — much greater than 
that of liquids ; so that sound travels 3 or 4 times as 
quickly through iron and different kinds of wood as 
it does through water. It is on this account that, if a 
long tube be struck with a hammer, two sounds can be 
heard at the opposite end ; the first through the metal 
tube, the second through the air. This can also be 
heard in the blasting of rocks, &c. ; and at the great 
explosion of gunpowder at Erith, three distinct shocks 
were perceived by persons in London, on the banks of 
the Thames : one through the earth, the second by the 
water, and the third through the air. It follows, too, 
that sounds travel further through substances which 
convey them with the greatest velocity; hence, by 
applying the ear to the rails, a train can be heard long 
before its sound can be detected in the open air ; and 
by connecting a rod of wood ' or steel with a musical - 
box, its sound can be well heard in a room much too 
distant for its sound to be heard through the open air. 

Sounds originating in a dense can be ijeard well in a 
rare medium. Hence, sounds originating in the vibra- 
tions of a solid will pass readily into a liquid; and 
those originating in a liquid will i^a^^x^^^^-^ \»Jy^^«»^ 
he heard in air ; also, sounds oxi^ma.tVu^ vdl ^'sts;©.^ §^v 
will pass readily into and "be IvQ^xQi m ^^^^"c ^vt. vs^^^* 
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sounds originating in a rare medium cannot readily 
be heard in a dense one, and cannot either originate in 
or pass through a vacuum, as may be proved by the 
following experiment. 

Jf a bell be placed under the receiver of an air-pump, 
and be kept moving by any mechanical means whilst 
the air is being exhausted, the sound will grow fainter 
and fainter,' till it ceases entirely as the air becomes 
highly rarefied. If, on the contrary, the same 'bell bo 
placed in a receiver, and the air condensed, the sound 
will become greater in intensity as the air becomes 
more condensed. For this reason the firing of a cannon 
on the top of Mont Blanc sounds only like a pistol, 
whilst the explosion of a pistol is only like that of a 
pop-gun. When persons ascend in balloons, too, they 
can hear distinctly the voices of persons far TdcIow 
them, but they are utterly unable to be heard by 
persons on the earth. Sounds also made in a diving- 
bell have a painful effect on the ear as compared with 
the same sounds in the open air. Sounds, therefore, 
originating at the level of the sea can pass readily into, 
and be heard on the tops of high mountains ; but 
soTinds originating at the tops of mountains, unless of 
great intensity, will not pass down into the plains 
below. This fact will give an idea of the immense 
intensity necessary to cause thunder in the higher 
regions of the air to be heard on the earth's surface, 
and also explains the reason why lightning is often 
seen when no thunder is heard. 

It has, till very recently, been taken for granted 
that all sounds, whether intense or feeble, travelled 
with the same velocity ; and that this is the case in 
all sounds of ordinary intensity is certainly true; 
otherwise, a b^nd composed of a great number of dif- 
ferent instruments, and giving origin to musical notes 
of different pitch and intensities, could not be heard at 
a distance in proper time ; but with regard to sounds 
of great intensity, such as originate in explosions of 
mines, firing of cannon, &c., where the air is intensely 
heated, and a kind of accelerating force communicated 
tp the air, it seems probable, from recent experiments, 
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that the greater is the force of the explosion, and the 
greater is the velocity of the sound. 

The waves of sound are reflected from smooth sur- 
faces and cause echoes, which may, according to the 
distance and form of the reflecting surface, bo able 
only to repeat quick, sharp sounds, or may bo able to 
repeat articulate sounds of several syllables. As sound 
travels through air at ordinary temperature with a 
velocity of about 1,120 feet per secondhand the ear can- 
not distinguish sounds as separate if they are repeated 
oftener than 10 times in a second, it follows that these 
sounds must be separated by at least 112 feet to bo 
heard separately; and, as in echoes, the sound must 
travel to and from the reflecting surfaces, the least 
distance at which an echo can be heard will be 56 feet ; 
but ordinary articulate sounds cannot be heard if they 
come more rapidly than five or six in a second ; so that 
to repeat an ordinary syllable the reflecting surface 
must be at a distance of 100 to 112 feet. 

The reflection of sound waves from smooth surfaces 
follow the same laws as those of waves of light. Pro- 
fessor Tyndall beautifully illustrated this by placing a 
watch in the focus of a parabolic mirror, when its 
ticking could be distinctly heard by all persons in 
front of the mirror, and by at the same time showing 
that all sounds made in front of the mirror could 
readily be heard at this focus. In the same way, 
sounds originating in one focus of an ellipse can bo 
readily heard at the other, though quite inaudible in 
any other part ; and sounds uttered between parallel 
walls, or faces of rock, will be reflected in a series of 
sounds, following each other rapidly, but with decreas- 
ing intensity, just in the same way that the imago of 
objects is multiplied between plane mirrors. 

Echoes are sometimes caused by clouds, and are 
generally most frequent in mountainous districts, so 
that the mountaineers commonly sing their national 
songs so that the echoes foim to them a natural ac- 
companiment. 

Whispering-galleries depend upon the reflection of 
sound, and also a principle of lateral accumulation, b^ 
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which, in certain positions of these galleries, the sounds 
can * be heard reflected from any portion of their sur- 
face ; or else there are two points, so placed that sounds 
made in one of them can be distinctly heard in the 
other, though not in any other part. 

Questions on Chapter X. 

1. What is the diflferenco between noise and mu»icf 

2. What are meant by the terms height^ lengthy depth and ampU' 
tude of sound waves ? 

3. On what does the velocity of sound depend ? 

4. Whether does sound pass quicker through cold or hot air ? 

5. What is the eflfect of a large quantity of vapour in the air in 
reference to sound ? 

6. What is the distance of a cannon the flash of which is seen 
five seconds before the report is heard in air of a freezing tem- 
perature ? 

7. What is the velocity of sound in water as compared with its 
velocity in air ? 

8. What effect has density on the intensity of sound ? 

9. Explain the cause of echoes, and under what circumstances 
they are heard. 

10, Explain whispering-galleries. 



CHAPTEE XI. 

Theory of Music: the Gamut, Syren, Monochord. Laws of Vibra- 
tion of Musical Strings, Pipes, &c. 

Whejj isochronous vibrations of sufficient rapidity are 
excited in any elastic body, these are communicated to 
the air and surrounding objects, and eventually strike 
upon the ear, producing what is termed a musical 
note. A combination of seven of these notes, which 
have a simple relation to each other with regard to 
their number of vibrations, is called a diatonic scale ; 
and these notes are distinguished from each other by 
the letters C D E F G- A B. The eighth note, which 
is formed by twice the number of vibrations of that 
forming the lowest note, is also called C ; and because 
it is the eighth note above it is called its octave. 
If X be taken as the length of a string sounding the 
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lower C, then the comparative lengths of another 
string, in every respect similar, will be as below : 

CDEFGABC 

1 8 4 3 2381 

and their comparative number of vibrations will be as 
those fractions inverted, as — 

CDEFGABC 

1 9 « 4 3 515 O 

When any two of these are sounded together, the 
relative vibrations of which are expressed by the 
lowest nimibers, they form what are called chords; 
the best chords being always between those whose 
number of vibrations have the simplest solution. Thus, 
the best of all chords are the octaves, the number of 
vibrations of which are just double of the other ; the 
next, C and G, the vibrations of which are in propor- 
tion of 2 to 3 ; and the next of C and F, the proportions 
being 3 to 4. Whilst those between C and D, or 
C and B, which are represented by large numbers, are 
called discords. There is always a simple relation 
between the length of the wave and the number of 
vibrations in a second, for those multiplied together 
equal the velocity of sound per second in feet. Conse- 
quently, the velocity of sound per second, divided by 
the number of vibrations in a second, will give the 
length of the wave; and the velocity per second, divided 
by the length of the wave, will give the number of 
vibrations. 

What is called the pitch of a note, however sounded, 
always depends upon the number of vibrations in a 
second ; the note having the greatest number of vibra- 
tions being said to have the higher pitch. To deter- 
mine the number of vibrations due to any particular 
note, two methods are used. The first is caUed Savarf s 
toothed wheel, and consists of a toothed wheel which 
is made to revolve rapidly, so that the teeth shall 
strike against a projecting card. When the wheel 
revolves slowly, each tap against the card is heard as 
a distinct sound ; but as the rapidity of x^^^^^^Vx^vs^ 

^ A 

- \ 
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increases, a musical sound is caused, which rises in 
pitch with the velocity of revolution. 

When this pitch equals that of the note the vibra- 
tions of which are to be determined, it is made to 
revolve uniformly for a few seconds, and then the 
nxunber of teeth in the wheel, multiplied by the nxunber 
of revolutions per second, gives the number of vibra- 
tions required. 

Another instrument for the same purpose, caUed the 
Syren, because it produces musical notes in water as 
well as in air, consists of two disks, with a nxunber 
of holes in each, equally distant from the centre, and 
having a stream of air supplied by a pair of bellows, 
or any other means, so that on causing one of them to 
revolve when the open holes are opposite each other, 
the air escapes in piiSs ; but when the spaces between 
tho holes in the revolving one come opposite to the 
holes in the other, the air is prevented from passing 
through, so that a series of pu£& of air passing through 
it, if the disk revolve with sufi&cient rapidity, throws 
the air into vibration ; and those vibrations equal in 
number the times which the air is allowed to pass 
through the holes whilst the disc is revolving one second. 

The Monochord is an instrument consisting of a 
string stretched by weights over a sounding-board, the 
length of which can be altered at pleasure by a move- 
able bridge. K this string be stretched with weights, 
and the moveable bridge so placed that if the bow of a 
violin be drawn across it it sound the middle C of the 
piano, and then the bridge be moved till its sound be 
that of D next above, it will be found that the bridge 
has been moved ^ of its length, and if then it be 
further moved till it sound E, it will be found to be 
shortened by -J-, and so of the other notes, till when it 
sounds the next C an octave higher its length will be 
exactly one-half. 

By means of this monochord and either the toothed 

wheel of Savart or the Syren, we have easy methods 

oi actually verifying the laws which regulate the 

Vibrations of musical stxingB. Tlcksse^ Wn^ «,tQ as 
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1st. Strings of the same material and equally stretched 
have their number of vibrations in the inverse ratio of 
their length ; thus, if one of 8 feet length give a certain 
niunber of vibrations, one of 4 feet will give twice, and 
one of 2 feet four times the number. 

2nd* Strings of the same material and length, when 
equally stretched, have their number of vibrations in 
the inverse ratio of their diameters. Thus, if a string 
whose diameter is 1 give a certain number of vibrations, 
one of diameter 2 would give only half the number, 
one of diameter J twice the number, &c. 

This is practically seen in the case of a violin or 
harp, where the strings sounding the higher notes are 
much finer than those sounding the lower ones, and, in 
the case of the harp, both finer and shorter. 

3rd. Strings of the same material, length, and 
diameter, have their number of vibrations directly as 
the square roots of the weights by which they are 
stretched. Thus, if one stretched with lib. give a 
certain number of vibrations in a second, if stretched 
by one of 4 lbs. it will give twice the number, if by 
^ne of 9 lbs. three times, <fec. 

This is well seen in the case of tightening the screws 
in the violin, harp, or pianoforte, to raise the pitch of 
their notes, and it is evident that the greater the 
tension of the string the greater will be the force to 
bring it back into a straight line when forcibly pulled 
out of it, and consequently, just as gravity makes the 
pendulum oscillate more quickly at the poles than at 
the equator, so the more tension on the string and the 
quicker its vibrations. As the number of vibrations 
of a string is always inversely as its length, and the 
undulations or wave-lengths in proportion to the 
length of the string, if of the same thickness, material, 
and tension, many persons have an idea that the length 
of the wave generated is always the same as the length 
of the string. There is, however,' no actual connection 
between these, as may be seen in the violin, where 
strings of the same length give vibratio\i& ^tl\*\£^^ 
different from each other. The length, oi ^<^ ^w?^ Hss^ 
always the distanoe isound travels dx^xiug ^iSaa Q«rc:^^^ 
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oscillation of the string on each, side of its position of 
equilibrium, and, as stated previously, may always be 
found by dividing the velocity of sound per second by 
the number of their vibrations in the same time. 

In the case of tubes and pipes, and indeed of wind 
instruments generally, the number of vibrations is 
always in the inverse order of their length; clofiiiig 
one end of a tube or pipe acts in the same way as 
doubling the length, as the wave must travel the tube 
in both directions before coming again to the open air. 

It is probably owing to the fact that in a tube open 
at both ends the undulations producing its fundamental 
note are of the same length as that of the pipe, that 
many people imagine this is also the case with regard 
to strings. 

Questions on Chafteb XI. 

1. Explain the diatonic scale. 

2. Which sounds of the octave make the best chords ? 

3. Explain Savart's apparatus for detennining the pitch of notes. 

4. Explain the construction of the syren. 

5. Explain the action of the monocliord, • 

6. What is the effect of thickness on the sound produced by a 
string? 

7. What is the effect of tightening the string of a violin or harp 
on the pitch of the note it gives out when struck ? 



CHAPTER XII. 

Light: its Production. Theories respecting Emission Theoiy. 
Undulatory Theory: Proofs of ' its Truth. Sources of Light: 
Laws of its Decrease. Photometers. 

We now come to those imponderable forms of matter 
the knowledge of the nature of which, as they elude 
all our senses and cannot by any known means be 
weighed or measured, we can only judge of by their, 
effects. As to the origin of light itself, two theories, 
known aa the corpuscular or ei£a^«voTL\k<fecsr5^%ssL<ithe 
undulatory or wave theory, fox ^ \ou^ Xivova -^^t^ -sx?^^ 
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by the most eininent scientific men of the day. The 
emission theory, to which Newton gave all the weight 
of his great authority, supposes that light consists of 
small particles shot out from luminous bodies with 
extreme velocity, and so small as to pass readily 
through the physical pores of transparent substances, 
and thus, passing through the humours of the eye, to 
strike upon the retina, and by their impact to impart 
the sensation of vision. The most important objections 
to this theory are the three following : — 

1st. That the velocity of these particles of light is 
so great that the weight <of a single grain would strike 
the eye with a force as great as that of a cannon-ball 
weighing 150 lbs., and moving with a velocity of 1,000 
feet per second. It seems, therefore, incredible that, 
however minute these particles are, yet, that falling in 
such numbers and with such amazing velocity, they 
should not injure so delicate a membrane as the retina 
of the eye ; and that the impossibility of concentrating 
by any known means these particles in sufficient 
•abundance to produce the slightest impression on the 
most sensitive of balances was a pretty certain proof 
that no such emission of particles had an actual 
existence. 

2nd. According to the emission theory, these par- 
ticles, on passing into denser media and being refracted, 
ought to have their velocity augmented, whilst it is 
well known that, on the contrary, they are retarded 
just in proportion to the amount of their refraction, 
passing more slowly through dense media in the exact 
proportion to which, according to this theory, iheir 
velocity should have been accelerated. 

3rd. It is known that light, in whatever way it 
originate, is propagated with the same velocity, and 
it seems almost incredible that rays should be shot, 
not only from the sun, fixed stars, and other celestial 
bodies, but also from meteors, lamps, and candles, with 
the same velocities, when we know their attractive 
forces are so different, and that over iQa.\>\«t td. ^v)sS.\\»» 
ordinary forma they would exert a iotc^ ^^^tvsv^ ^^ 
their different densities. There iB, m i».^\.,^^ xaax^ 
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reason to believe that if light consist of particles I 
projected from self-lnminons bodies those particles 
should be projected from so many different sources 
with the same velocity, than' for believing that pro- 
jectiles should pass through the air with the same 
velocity, whether shot from a cannon, a rifle, or a 
pop-gun. 

On account of the preceding and other considerations 
the emission theory was rejected by many eminent 
men, and received such an overthrow at the hands of 
Fresnel and Young, that since then the undulatory or 
wave theory has been accepted as true by nearly all 
scientific men. 

This theory assumes that there exists through all 
space, and also around the molecules of all bodies, a 
substance of extreme rarity and elasticity, which has 
been called, as the agent by which light is propagated, 
luminiferous ether. 

In what has been previously stated with regard to 
the velocity of sound it has been stated that the velocity 
through different media depends upon the relation 
between density and elasticity. In the case of light, 
the velocity of which is so enormous as compared with 
sound, the medium transmitting it must be of extreme 
rarity and elasticity. The ear, as an acoustic instru- 
ment, has been stated to have a limited range as 
regards the pitch of sounds, the limit being generally 
within ten or eleven octaves, and that, however intense 
the vibrations of any elastic medium, if the number of 
these vibrations were less than 16 or more than 8,000 
in a second, the generality of ears would be incapable 
of distinguishing them as sound. With regard to 
waves of light, however, the range of the eye is very 
much more limited, being confined to what in music 
would be considered as one octave; the length of a 
wave producing the extreme red being about half that 
of those producing the extreme violet, and the different 
lengths of the waves producing the different prismatic 
coloure iaving a close reBemblancfe "to those producing 
the different notes in an octave oi TtrnKv-Ci. 
But perhafB the Btrongeat "gTooi oi aIScl^ \.ToJOa. ^1 *^^ 
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undulatory theory of light arises from the fact that in 
every important particular the laws regulating the 
intensity of sounds, which are evidently caused by 
undulations of elastic media, are exactly the same as 
those which regulate the intensity of light, and thus 
lead us to infer by analogy that they are propagated in 
a similar way. Thus, the intensities of sound, light, 
and heat, decrease inversely as the squares of the 
distance, and increase directly as the squares of the 
amplitude of the oscillating particles. The undulatory 
theory, and that alone, also seems to bind the sciences 
of' acoustics, light, and heat, into one harmonious 
whole, satisfactorily accounting for reflection, refrac- 
tion, and dispersion, as well as for the colours of 
thin plates, and that of all other bodies ; whilst that 
of emission breaks down in its explanation of the 
simplest optical phenomena. It is not, therefore, 
wonderful that scientific men consider the undulatory 
theory of light as firmly established as that of almost 
any law of nature. 

But though the undulatory theory of light is thus 
firmly established, yet many words remain in use 
which had their origin at the time when the emission 
theory was generally believed ; hence we speak of rays 
of light, though, according to the wave theory, rays 
have no physical existence. We also speak of the 
radiation of light and heat, as if those were thrown off 
as the radii of a circle from the centre to the circum- 
ference, though what we term radiation is simply the 
communication of motion by a central body to surround- 
ing particles. We also speak of absorption of light 
and heat, as if the rays projected were absorbed by the 
body, whilst in reality we mean that the surrounding 
ether communicates motion to the molecules of the 
body. 

All bodies are either luminous, as the sun, stars, 
lamps, candles, <fec., or they are rendered luminous by 
the action of luminous bodies, as the moon, trees, 
houses, and objects in general. Bodies ^t% ^^ ^^"^- 
eidered as transparent, as air^ water, ^a'^^, &.^.% ^kse^- 
transparent, as thin plates of mica, &Q, ', ox or^^o;^'^'* ^"^ 
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wood, stone, &c. There is, hiowever, no substance 
known that is thoroughly transparent and which will 
not absorb some rays in passing through it in propor- 
tion to its thickness ; and, on the other hand, there is 
no substance known that, if a layer be taken sufficiently 
thin, will not allow some rays to pass. 

The intensity of light decreases with the square of 
the distance ; thus, if the light emitted by a candle at 
the distance of 1 foot be considered as a unit, at a 
distance of 2 feet it will give J, at 3 feet ^, at 4 feet -j^, 
&c. This law is easily understood if we consider the 
source of light as occupying the centre of a sphere, its 
distance from which is in any position equal to the 
radius, and that, as the surfaces of spheres are always 
proportionate to the squares of their radii, so the 
surface over which the light is spread at 1, 2, 3, and 4 
feet respectively will be 1, 4, 9, and 16 feet, and that, 
consequently, the light at any one spot must be as J, 
^y and -j^ of what it was at the distance of 1 foot. 
What is true for the complete surface of a sphere must 
be equally true for any portion thereof; and if any 
difficulty be felt in understanding this reasoning it 
will be easy to take a series of squares of the size of 1, 
4, 9, and 16 feet, and, placing a luminous point 1 foot 
from the first, it will be found to just cover by its 
shadow the other squares placed at the distances of 2, 
3, and 4 feet respectively. 
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This law of the decrease of light with the square of 
the distance appears to be contradicted by the fact that 
on a clear evening the lamps and other lights, however 
distant, seem equal or nearly so in brilliancy ; but this 
apparent contradiction is itself a proof of the truth of 
^£0 Jaw, for objects appear to ub "bTi^lat ot otharwise 
f^ccording to the brilliance oi ttxeiit Vaia^^d ^^m\^ era. 
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the retina ; bnt this brilliancy depends on the size of 
the image, and increases as the size of the image decreases ; 
and this reduction in size is. also exactly proportionate 
to the square of the distance ; so that the concentration 
of light on a small space exactly makes up for the 
decrease of light owing to the increase in distance. 
This may be proved experimentally by allowing the 
light from the flame of a candle to pass through a 
small hole into a darkened room, so that the image of 
the candle may fall upon a screen placed to receive it. 
If the candle be placed 1 foot from the hole its image 
on the screen will occupy a certain space, but if it be 
removed 2 feet from it the image will only be \ of its 
previous size, and if removed 3 feet only ^ of that size, 
but will remain equally brilliant at such distance. . 

As we cannot thus judge of the distance of lights by 
their brightness, we have, in deciding upon the illu- 
minating power of different sources of light, to judge 
by the darkness of the shadows they cast, as the com- 
parative darkness of the shadows evidently is the dif- 
ference between the illuminated and non-illuminated 
surface on which thfe shadow falls. Instruments for 
determining the illuminating power of different sources 
of light are called photometers, and generally consist of 
an upright rod placed before a white screen, on which 
its shadow is made to fall. If now the two sources of 
light, the illuminating power of which is to be com- 
pared, be placed behind the rod, and a little distance 
from each other, their shadows will fall near each other 
upon the screen; and if these shadows be equal in 
darkness, then the powers of the two sources are equal ; 
but if not alike, then move the one casting the darker 
shadow feirther distant, till the two shadows are equal, 
and then, by squaring their respective distances from 
the rod, tiieir separate powers of illumination will be 
known. Thus, if one be at 4, and the other at 6 feet 
distance from the rod when this equality of shadow 
takes place, then their illuminating powers will be as 
16 to 36. 
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Questions on Chafteb XII. 

1. State the emission theory of the origin of light as held by 

Newton. 

2. State the three principal objections to this theory. 

3. Who were principally instmmental in establishing the andala- 
tory theory? 

4. State the connection between the propagation of light and that 

of sound. 

5. State the difference between luminotw and non4ufii»iioi» bodies. 

6. How do the intensities of heat and light deoreaae with 

distance? 

7. How is this law apparently contradicted by looking on lamps, 
&c., on a clear evening? .. • 

8. Describe the methods used to determine the intensities of 
different lights. 
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CHAPTER Xin. 

Velocity of Light: how Discovered. Foucault and Bradley's 
Calculations thereof. Keflection of Light. Different kinds of 
Mirrors. Ee&action by different Media. Total Befloction, and 
the Phenomena depending thereon. 

The passage of light from one place on the earth's 
surface to another appears instantaneous, yet that it 
takes an appreciable time to travel through great 
distances was proved by Olof Boomer, a Danish 
astronomer, nearly 200 years ago. He had calculated 
accurately the time of revolution of one of Jupiter's 
satellites, and found it exactly 42 hours 28 minutes 
and 35 seconds. He had determined this at a time 
when the earth in its orbit was nearly in a line be- 
tween the sun and Jupiter ; but as the earth gradually 
passed in its orbit farther from Jupiter, he found that 
the planet emerged from behind Jupiter gradually later 
and later, till on its hundredth appearance, when the 
earth was nearly on the opposite side of the sun to 
Jupiter, its appearance was so far retarded as to be 
fully 15 minutes behind its ci\cvi\aAfe\ \h3Xia. "Sg ^ 
happy iind of inspiration, Ta.o cousAst^^ ^iJasa.^ "Vi^H* 



VELOCITY OV LIGHT. 



took this 15 minutea to travel the gi-eater distance, 
and making aUowance for the difiFereoco between the 
nearest and most distant part of the earth's orbit 




from Jupiter, he calculated that light took 8' 13" to 
travel from the sun to the earth, and thus calculated 
ite velocity as 192,500 miles per second. This, how- 
ever, was based on the erroneous assumption that the 
earth was 95,000,000 of miles from the sun, and that 
thus the difference between the nearest and the most 
distant position of the earth to Jupiter was 190,000,000 
of miles. It is now, however, known that this dif- 
ference is only 183,000,000 of miles, and the velocity 
of light, therefore, instead of being 192,600, is only 
really a little more than 185,500 miles per second; 
and this agrees with the more recent and accurate ex- 
periments of M. Eouoault, who, by means of rotating 
mirrors, determined the' velocity of light in air at 
185,157 miles per second; and since we know that 
light is retarded in passing through dense media pro- 
portionately to the angle of refraction, it may be eaidly 
demonstrated that a velocity of 185,500 miles in ether 
will' correspond, as accurately as experiments of this 
kind can determine, with a velocity of 185,157 miles in 

The velocity of light was also determined inde- 
pendently by Bradley, in 1723, iiom. \Itia aNsOT-raSiHu. ^^ 
nght, and the place -where lie m»A% ^^i» SffloK^-st^ ^» 
etill amrked by a dial in Kevr GaxieaB- "Sa oiusciiar 
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tlon f^reed very nearly with thai of the Danieh 
astronomer; but as it dopendB upon the velocity of the 
earth in its orbit, and that is now known not to be so 
great ae it was believed to be at that time, when 
allowance is made for this, the velocity of light as thns 
determined is very nearly the same as that resulting 
from the experiments of M. Foucanlt. 

Beflectioa of Light. — Whenever a wave of light passes 
from one medinm to another, or strikes upon any ear' 
face, a portion of it is always tamed back or reflected. 
If IJie aorface on which it fells be smooth and even, 
it IB regularly reflected ; but if the sar&ce be rough 
and irregular, then the light reflected is scattered in 
all directions. From the snrfeco of all bodies white 
light is reflected, but many bodies reflect a portion 
from their outer surface, and a portion partly passes 
into the body, and is then reflected. It is from this 
internal reflection of coloured rays that bodies owe 
their colour, as they are only visible by the rays they 
reflect. To prove this, take a number of brilliantly 
coloured flowers or ribbons into a darkened room, and 
illuminate them by light of any one colour ; they will 
then all appear either entirely black or of the colour of 
the light which falls upon them. 

If the surface on which light falls have a great num- 
ber of polished 
faces, as in ordi- 
nary multiplying- 
glassea, then as 
many images will 
be formed by re- 
flection as there 
are smooth feces ; 
but if the snrfeco 
bo roughened, as 
in frosting glass, 
then though light 
will pass through 
or be reflected 
^rom the surface, no image is lormei ^17 Tre&wAAim., 
«nrf no object can be deaily 4i8tin»»^^ ftawvi^ 
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glass SO treated. If light fall perpendicularly upon 
any smootli surface, it is reflected back upon the 
same straight line; but if it make any aiigle with 
the perpendicular, it will be reflected just at the 
same axigle on the opposite side. This is expressed 
by saying that the angle of incidence always equals 
the angle of reflection. This law has been accu- 
rately verified by the most rigid analysis, but it 
may be easily illustrated by having two moveable 
tubes that can be arranged to make diflerent angles 
perpendicular to an ordinary mirror; on adjusting 
the tubes to make any equal angle with the perpen- 
dicular, and placing a source of light at the end of one 
tube, and the eye at the other, the image of the source 
of light will be reflected to the eye, but if these angles 
are unequal it will not be seen. Hence if they each 
make an angle of 30°, 40°, or 50°, the image will be 
clearly seen by reflection ; but if one make 30°, and the 
other 40°, or, in fact, any other than 30°, it will no 
longer be visible. 

AU images formed by mirrors depend on this law of 
reflection, which is true whether the mirror have a 
plane, convex, or concave surface. It is also equally 
true whether the mirror be made of polished metal or 
of glass, the back of which is coated with metal ; only 
in the latter case there will be two images formed, 
whenever the incidence is oblique ; one from the anterior 
surface of the glass, and the other from the metallic 
coating at the back. If the incidence be very oblique, a 
number of these images can be seen, especially if the 
glass be thick ; these images are formed by the mutual 
reflections between the metal behind and the front of 
the glass, those from the metallic surface being much 
the brighter, on account of metal reflecting better than 
glass. These images may be well seen by placing a 
candle a few inches from tiie end of a plane mirror, and 
the eye an equal distance from the opposite end, when 
a long line of these reflected images will be seen grow- 
ing gradually fainter, till they quite disappear. IS. t^^ 
plane mirrora are placed with. tYvevr i^e-^^^^T»J^^^'5bS5Sv. 
about a foot apart, a perBOU lo6kviig\i^\.^<i<svi \}asi^sx^ 
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one end will see also a number of these reflected images, 
whiehi will seem feinter and fainter till they entirely 
disappear. In plane mirrors the images formed by 
reflection are always the same size as the object, upright 
in position, but inverted laterally, i.e., the left side 
appearing as the right, and the right as tiie left ; and in 
position they always appear as feir behind the mirror 
as the object is in front. In convex mirrors the images 
are always erect, and smaller in size than the object. 
In concave mirrors they are generally inverted and 
smaller; but if the object be placed very near the 
mirror, then the image is erect and very much mag- 
nified. 

Refraction. — When a wave of light passes from one 
transparent mediimi into another part of it, it is always 
transmitted ; but unless it fall upon it perpendicularly 
it never proceeds in the same straight line, but always 
appears broken at the surface, and is bent either to. or 
from the perpendicular, according to the nature of the 
two media from and into which it is passing. Gene- 
rally, in passing from a rare into a dense medium, the 
ray is bent towards the perpendicular ; and in passing 
from a dense into a rare medium, it is bent from the 
perpendicular. Hence, in passing from the ether that 
pervades space into air which is gradually more and 
more dense, it is bent more and more towards the per- 
pendicular, and this causes the sun, moon, stars, &c., to 
appear to us [higher than they really are, and causes 
also the sun and moon, when near the horizon, to have 
somewhat of an elliptical or oval shape. On this account, 
also, we actually see them before they are really above 
the horizon, and after they are below it. Whatever 
the angle made by an incident ray upon any surface, 
and however much it may be bent out of the direct 
line, the line of the angle of incidence, divided by the 
line of the angle of refraction, is always a constant 
quantity, and this constant quantity is called the index 
of refraction, and is always the same for the same sub- 
stances. This index, in passing from ether into water, 
hi '3; and for passing into glass, !• 5 ; mtoi^hoaighorus, 
^'24; into diamond, nearly 2*5 ; aTi-SLm^^ ^3tiioTSia.\fe^l 
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lead, the index of refractioQ of which is the greatest 
knows, nearly 8. 

It has been pteviously stated that light travels 
slowest through substances whose index of refraction is 
greatest; and it is equally true that traueparoat sub- 
stances, whose index of refraction is greatest, transmit 
the smallest, and reflect the greatest quantity of 
oblique rays &lliug upon them. It is on this account 
that glass reflects more and transmits fewer rays than 
water, and that the diamond reflects nearly the whole 
of the light filing upon it, and thus appears of snch 
dazzling brilliancy. 

As we, on account of refraction, see the heavenly 
bodies higher than they really are, so we also, on looking 
downwards into water, see ttie bottom of pools, lates, 
rivers, Ac, higher than they really are ; and if wo place 
a pencil or straight rod of any kind obliquely into 
water, it appears broken where it enters the water, and 
as if it were bent upwards. The more obliquely it is 




inserted in the water, the more it appears i 
and if a vessel of any kind — as a saucer or shallow 
bann — be quite filled with water and the eye be placed 
on a level with it, the bottom of the vessel will appear 
to float at the top of the water ; and if a penny or a 
sfailling be placed at the bottom of a basin quite full of 
water, an eye at a distance at the same level as the 
basin will see the penny, or shilling, as if it floated on 
the top of the water, in all oases -where ftia a.ti^ei i«TOi»&. 
ly them between the edge of the ■veBseV aQ.i ftis^iKfevwi"Q- 
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is less than 42]^^. In fleict, the bottom of any vessel filled 
with clear water can always be seen by an eye placed 
on a level with the top, and at some distance if the 
width of the vessel is greater than its depth in the 
proportion of 50 to 40. To nnderstand this it is only 
necessary to bear in mind that, as all rays in passing 
from water into air are bent downwards, and from the 
perpendicular to the surface, and as objects always 
appear to be in the direction of the rays that come 
from them to the eye — so rays passing from water into 
air, as they become more and more oblique, will be bent 
down lower and lower till they will in the end glide 
along the surface, and any object from which those 
rays come will appear to an observer whose eye is level 
with that surface to be floating on the top of the water. 
The angle these rays, which just glide along the 
surface in air, make with the perpendicular in water 
is 48 J°. It is equally true that any ray of light just 
grazing the water, or making an angle of nearly 90° 
with the perpendicular, will be bent on entering the 
water tm it makes, with the perpendicular, an angle 
of 48i°. To prove this experimentally, place a source 
of light in a room otherwise dark on a level, or just 
above the level, of a cubical vessel, and at some dis- 
tance from it, so that the shadow of the side of the 
vessel nearest the source of light comes nearly to the 
top of the opposite side, leaving the inside of the vessel 
in shadow ; then gradually fill the vessel with water, 
and when it is quite filled the shadow will figJl back, 
leaving nearly half the vessel illuminated ; and if the 
angle made by the shadow and the side of the vessel 
be accurately measured it will be found to bo 48i°. 

It is evident, therefore, that no ray making with a per- 
pendicular an angle of more than 48^° can pass from 
water into air, and therefore that is called the limiting 
angle of emergence. This limiting angle for glass is about 
39% and for diamond, less than 24°. What, then, be- 
comes of those rays that cannot emerge from water into 
air ? They are reflected back again ; and, as they are 
all reflected even more perfectly than rays incident on 
the most polished metallic mirror, they are said to bo 
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totally reflected^ and this phenomenon is called total re- 
flection, A fish, or any other animal, in still water, 
therefore, instead of seeing everything above the 
horizon in an angle of 180°, will see them all crowded 
into a space of 97°, or occupying only a little more 
than half their natural position ; and beyond this angle 
they will see the bottom of the water totally reflected, 
and that with greater clearness than it conld be re- 
fleeted from a mirror. This will, of course, enable them 
to see anything directly above them in its true position, 
but all objects near the horizon very much distorted 
and contracted in altitude, so that trees, men, &c.', 
on the banks will not appear of half their true 
height. 

Total Reflection enables us to account for many 
atmospheric phenomena, especially what is called 
mirage of the desert. In the desert, the sun's rays 
being reflected from the hot sands, the air near the 
surface of the earth is less dense than the upper layers, 
and rays of light falling upon them from distant 
objects are bent more and more from the perpendicular, 
and at length come to a layer which they cannot pene- 
trate, and become totally reflected, as if from the surface 
of water, tiU they strike the eye of the weary traveller, 
who, seeing them thus reflected, cannot help thinking 
it is actual water that he sees before him. It is also 
by a series of unequal refractions and total reflection 
that the phantom ship, the spectre of the Brocken, 
and other kindred phenomena are easily accounted 
for. 

Questions on Ghafteb XIII. 

1. Describe the discovery of Olof Roemer with regard to the 
velocity of light. 

2. Mention the calculations of Foucault and Bradley on the 
velocity of light. 

3. Why were Boemer's and Bradley's calculations erroneous ? 

4. What effect has tiie reflection of light on the colour of bodies, 
and how can you prove it? 

5. On what does the formation of images by mirrors depend ? 
V». What are multiplying glasses? 

7. How can you arrange the light so that an ordinary glaqs 
n.irror will give a series of images? 
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8. What is meant by the index of refraction ? 

9. What effect has re&action on the appearance of the heavenly 
bodies? 

10. Explain the phenomena arising from total reflection. 



CHAPTEE XIV. 

Lenses : different Kinds of : Images formed by them : Size of Image, 
Microscopes, Telescopes, &c. The Eye, Description of : Adjust- 
ment of, for Different Distances. Long and Short Sight, Blind 
and Yellow Spot, &c. 

Having now treated of reflection and refraction, we can 
better understand the use of lenses. These are made 
of some transparent and refracting substance bounded 
wholly, or partially, by curved surfaces. They are made 
mostly of glass, and are used to make rays of light pass- 
ing through them either converge or diverge more than 
they did on entering ther^i. The former kind have 
always one or more of their faces convex, and the 
latter always one or more concave. Parallel rays passing 





CONVSBGOra. diveboino. 

through a convergmg lens will be brought together 
at some point on the opposite side which is called 
the principal focus. Divergent rays passing through 
a converging lens, if they come from a point more 
distant than its principal focus, will also be brought 
to a focus, but at a distance greater than that of 
parallel rays; but converging rays passing through 
«uch a lens will be brought to a focus at a point nearer 
the lens than the focus for parallel rays. If an image 
of sensible magnitude be placed owt&idft tha igrincipal 
focns of a, converging xniTTOX, «kTLm"^«t\fi^ \xaa,^<b^s[r^ 
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be formed on the opposite side. This image may 
be greater or less than the object, according to its dis- 
tance from the focus, but in every case the image and 
object are convertible, so that if an object — say of 4 feet 
in area — ^form on the opposite side of the mirror an 
image of 2 feet in area, if an object 2 feet in area were • 
substituted for the image, it would form an image on 
the other side of 4 feet in area, which would occupy 
the same position as the original object. It is on the 
practical appHcation of this principle, indeed, that all 
optical instruments depend for their utiHty.^ In micro- 
scopes, which are used to examine small objects, these 
objects are so placed that they form images much larger 
than themselves ; and in compound microscopes these 
images are again magnified still further by a second 
lens called an eye glass. It is also in this way that 
magic lanterns form from small objects large images, 
which are formed on a screen placed at a proper dis- 
tance to receive them, and where they can be seen by 
the spectators. Telescopes, on the contrary, are gene- 
rally arranged so that they form a small image, the 
disllnctness and clearness of which is very little in- 
ferior to that of the object, and this image is then 
magnified by being examined through another lens. 

The eye is for light what the ear is for sound, and it 
is by its means only that all the impressions made by 
the waves of light can be communicated to the brain. 
It has been previously stated that if the rays of light 
from any object pass through a small opening into a 
darkened room and be received upon a screen properly 
placed, an inverted image of the object from which the 
rays come will be painted on the screen. Such an 
arrangement, with a converging lens placed in the 
aperture, is called a camera obscura. It will be 
evident, however, that to secure a proper image the 
object and the screen must be placed at a suitable dis- 
tance, and that if the object be brought nearer the 
screen must be moved farther away, or a lens of greater 
cnrvature used which will bring the image nearer. 

If, on the contrary, the object To© ^\w:ftk^ ^\. ^ ^^ssaJ^-^^ 
distance, then the screen must "bo "btOTX'^aXiTi^^i^^'^'i^"^ ^ 
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lens of less curvature used, or the image will fall sliort 
of the screen. Now the eye as an instrument of viaioa 
very much resembles the camera, but excels it in its 
power of adjustment. In front of the eye is the cornea, 
a firm transparent lens fixed into the sclerotic ooat of 
the eye, something in the same way as a watch glass. 
This cornea has a greater curvature than the rest of 
the eye, and causes it in front to bulge out. Tba 
cornea is a converging lens, but of ita^f woald not 
converge the rays falling upon it sufficiently to form 
the imt^ on the retina. Inside the cornea is the 
iiqueoua humour, and separating this from the vitreous 
liumour which fills the principal cavity of the eye is 
the crystalline lens, which is fixed firmly by ligaments 
to the choroid and sclerotic coats, near tJie place of 
insertion of the cornea. The back of this lens can be 
flattened or made more convex by the action of mnacleB, 
by which it is attached; it being fiatter when these 
muscles are relaxed, and more rounded when they 
contract. In front of this lens is suspended a curtain. 




the iris, having in its centre an opening termed the 
pupil. This openine contracts under the stimulus of a 
strong light, and enlarges when the light is feeble, SO 
that to a certain extent it regulates the quantity of 
}ight admitted into the chamber of the eye. The inside 
of the cbamher of the eye is Imei ■w.tV b. &«tY "^^^YOfiTit 
wiich abBorba ttieliglit, and oveft ^(ioa\ftB'gt«»ft.*'aiE(! 



And very complicated network of connective tissue and 
nerve fibre, called the retina, on which the image must 
be formed for its impression to be communicated to the 
brain. 

The rays from all objects that fall upon the eye 
are divergent, this divergence increasing as the object 
oomes nearer to the eye ; but, as has been previously 
stated, the more divergent the rays the more distant 
from the lens will the image be formed, unless the 
curvature of the lens can be increased so as to make 
up for the increased nearness of the object and con- 
sequent divergence of the rays. If two objects, such 
as a shilling and a farthing, be placed one at 6 inches, 
the other at 10 or 12 inches from the eye, it will be 
found that they cannot be both seen distinctly at the 
same time ; if the nearest be distinctly seen, the farther 
one will be seen imperfectly, and if the more distant 
one be seen distinctly, then the nearer one will be seen 
imperfectly. The eye can, in fact, be adjusted to see 
either perfectly, but the perfect image of both cannot 
be fbrmed on the retina at the same time ; and were 
the eye incapable of adjusting itself to different dis- 
tances, it would be impossible to see objects distinctly, 
unless they were placed at the particular distance to 
which the eye was adapted. The process of adjustment 
to difference of distances consists, then, in drawing the 
choroid coat forward by muscular action, and thus 
giving a more rounded form to the back part of the crys- 
talline lens, when it is necessary to look at near objects. 

When, however, as is frequently the case in youth, 
persons have the cornea or the crystalline lens so 
rounded, that they converge the rays from objects 
placed at an ordinary distance so much, that their 
images fall short of and are formed in front of the 
retina; then, in order to throw the image upon the 
retina, so that they may be distinctly seen, it is 
necessary for them to bring the objects very near the 
eye, so that the increased divergence of the rays may 
make up for the excess of curvature in t\i'^ ^issrsi<5a. ^-t 
cryataUine lens. Such persons are aaiA. \/i \i^ T^ftssx ^"^ 
BborlHsighted, and in order that tkeyTa^^ «»^^ ^^^M\x^rf^ 
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at ordinary distances, they require spectacles or lenses, 
with at least one concave snr£Eioe, so that the rays 
passing through them may be made more divergent. 
On the other hand, in old age the cornea and lens 
frequently become flattened, so that the rays £rom 
objects at an ordinary distance form an image behind 
the retina. To partly remedy this, persons so affected 
natnraUy place objects, snch as books, Ssc, which they 
wish to see distinctly, at a distance, and are said to be 
long-sighted ; but that they may see objects distinctly 
at ordinary distances, they require spectacles wilh 
converging lenses, so that the image may &11 upon the 
retina ; and as this flattening generally increases with 
age, they require lenses more and more convex as they 
advandb in years. 

Though the retina as a whole is generally spoken of 
as the medium by which the impression of Ught is com- 
municated to the brain, yet the probability is that it is 
only a very small portion of the retina, viz., the layer 
of rods and cones that has in reality the power of trans- 
lating the waves of ether impinging upon it into light. 

It is known that the place where the mass of nerve 
flbre forming the retina passes into the eye is utterly 
blind, and if the image of any object be thrown upon 
it, no impression thereof is communicated to the brain ; 
whilst, on the contrary, what is known as the yellow 
spot directly opposite the pupil, is the place where the 
most distinct images are formed ; and this part of the 
retina is formed almost entirely of rods and cones. 

Questions on Chapter XIV. 

1. Mention different kinds of lenses. 

2. What is the principal focus of a lens ? 
8. Describe the camera obscura, 

4. Describe the different parts of the eye. 

5. What regulates the quantity of light admitted to the eye? 

6. How can the eye be adjusted to different distances ? 

7. What is the effect of too great roundness of the oomea,. or 
crystalline lens ? 

& TTliat of their being too fiat? 
9. What IB meant by the blind fipol'> 
20, Where are the rods or»d cone« m gte«k\«a\. Tixm^T'l 
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It has been stated previously tbat if ligtt pass 
obliquely through a plate of glass, or any other re- 
fracting mediuni, when it passes again into the air it 
is bent as much from the perpendicular as it was bent 
towards it in passing through the glass, so that it 
passes in the same direction as before it entered the 
plate ; but it will not really he in the same line, 
though parallel to it, and will be moved out of that 
line in proportion to its obliquity of incidence and the 
thickness of the plates. If, however, light pass through 
a wedge-shaped plate, whose edges are not parallel, 
then the ray will not only not pass in the same direc- 
tion, but it will be separated into different parts, or 
dispersed, forming a line of coloured rays, called the 
solar spectiTim. Light, then, instead of being homo- 
geneous, is found to bo composed of difleient coloiired 




rays, some of which are bent more and others less in 
passing through the glass; thoBe ToftiA ■kve&\. «ss*. "A ^ 
itraigbt line feing the violet, t'hQaa'\)«a.\.\'eaa'^'^Ii^''^' 
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They appear, therefore, in this order — ^violet, indigo 
blue, green, yellow, orange, and red. 

It was proved origin^Sly by N^Wton, and has since 
been abundantly confirmed, that the waves producing 
those different colours are of different lengths, those 
producing the violet being 576^000 * ^^^ those producing 
the red about 3^^^^^^ of an inch in length ; and as the 
shorter waves are more retarded in passing through 
the glass than the long ones, so they are bent more out 
of the straight line. 

Colour, then, is to light what pitch is to sound, the 
extreme red corresponding to the gravest, and the 
extreme violet to the highest musical note. It is, 
however, found that though the waves of ether pro- 
ducing light are all included between the extreme red 
and the extreme violet, yet there are beyond the violet 
rays quicker and shorter, which, though they cannot pro- 
duce light, yet produce chemical action, whilst there are 
beyond the red slower and longer rays, which, though 
incapable of producing light, produce heat to a greater 
extent than the waves producing light. On account 
of the different length of the waves of heat, light, and 
chemical activity, it is possible to separate them and to 
bring them each separately to a focus. By thus concentra- 
ting the heat rays to a focus entirely destitute of light, 
heat enough can be obtained to fuse metals, bum com- 
bustible substances, and thus to convert the non-lumi- 
nous into luminous rays, by giving to them a quicker 
motion. On the other hand, the rays beyond the violet, 
if made to fall on certain substances, will produce a 
chemical action that throws the waves into longer 
periods, and thus causes them also to appear as light. 
On sounding any particidar note in a room where 
there are several musical instruments, the air will be 
thrown into vibration, and this vibration will com 
municate itself to all those parts of the different in- 
struments capable of sounding the same note. If the 
vibration be powerful enough, they may also excite all 
the octaves and harmonics ; but no matter how power- 
ful the vibrations, they will produce no effect on those 
parts of the instrument with which they are not in 
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harmony. It is thus with the waves of light, they 
strike upon all kinds of ohjects, passing through some, 
and being reflected back from others ; whilst in the 
interstices of most they are resolved as by a prism into 
their separate colours, where the waves of some colours 
are destroyed and others blend together, and either 
reflected or transmitted gives us all the varying hues 
that are seen in the world around us. Thus some 
bodies destroy the long slow wave of red, and blend 
together the yellow and blue into all the lovely shades 
of green on which the eye loves to rest when wearied 
of more gaudy colours. Others, again, as the flowers 
of the crocus and daffodil, destroy not only the long 
waves of red, but also the quicker and shorter ones of 
every shade of blue; whilst again others destroy red 
and yellow alike, and reflect only the short quick 
waves which give every shade of blue. Others again 
destroy or absorb entirely waves of every length, and 
appear black; whilst if they only destroy them par- 
tially they appear as sober grey. White light is 
reflected more or less from the surface of all bodies, of 
whatever colour, but if they also reflect without de- 
stroying any colour internally, then they appear white, 
and if they are transparent with a large index of 
refraction, as the diamond, then the great quantity of 
white light they reflect from their polished surfaces 
gives to them their brilliancy. 

The rainbow, which can only be seen when the sun- 
light falls on descending rain, is caused by the drops 
of rain acting as so many prisms, and separating the 
light falling upon them into their separate colours. A 
ray of sunlight falling on a drop of rain is refracted 
at its outer surface on entering, and then, partly re- 
flected from its inner surface, is again refracted on 
leaving the drop ; and, just as in the case of the prism, 
this refraction being unequal for different coloured 
rays, they are separated, and form a kind of solar 
spectrum. On account, however, of most of these 
rays being divergent, they do not reach the eye ; but 
at an angle varying, according to the refrangibility of 
the rays, from 40J° to 42 J*^ with a line drawn from tha 
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sun through the eye of the spectator and produced 
onwards, they will issue from the drop parallel ; those 
at an angle of 42^° sending to the eye rays of red, 
those at 40 J° rays of violet, and between those two the 
other colours will appear in the same order as in the 
. solar spectrum. This is the primary bow, and it is 
evident that when the sun is near the horizon, nearly 
half the circumference of the bow will be seen, as then 
the line between the sun and the eye of the spectator, 
which forms the centre of the bow, will also be near 
the horizon ; but the higher the sun is in the heavens, 
the smaller is the part of the bow which can be seen, 
as then the line joining the eye of the spectator and 
the sun will, when produced, be proportionately below 
the horizon. 

In addition to the primary bow, a secondary one, 
much weaker in its colours, is frequently seen, broader 
and higher than the primary bow, and having its 
colours in a reverse order; thus, the red is highest, 
and forms the outer portion of the primary bow ; but 
in the secondary the violet rays form the outer, and the 
red the inner circle of the bow, the red of the pri- 
mary and that of the secondary being nearest together, 
and the violet of each the farthest apart. This secou- 
dary bow is formed by rays which have struck the 
lower surface of the drop, and have been twice re- 
flected, as well as twice refracted; and it is this 
secondary reflection which makes the colours of the 
secondary bow so much less distinct than those of the 
primary one. 

Whilst the width of the primary bow is generally 
only about 2°, the width of the secondary is about 3 J°, 
and the distance between them is about 4°. 

Though there are seven prismatic colours, yet they 
are really all derived from three primary colours, viz., 
red, blue, and yellow. The violet and indigo being 
only different shades of blue with a slight mingling of 
red, the green being a mixture of yellow and blue, and 
the orange one of red and yellow. Each one of these 
has what ia called its conipleineTitaty ecA.wsLT,\Jw^t "being 
the one into the composition oi n^t^^ \\. ^o^^tiQN.V^^ 
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enter. Thus the complementary colour of red is green, 
as green is made of a mixture of the yellow and blue ; 
again, the complementary colour of blue is orange, the 
orange being made up of red and yellow, but containing 
no blue. The retina becomes wearied by dwelling on 
any bright colour, and has its sensibility for that 
colour for a time destroyed ; hence, if you look fixedly 
for a short time on a red wafer, and then on anything 
white, a green spot will appear of the size of the red 
wafer ; and in all cases the complementary colour will 
appear to the one on which the eye has rested. The 
same thing will occur if, after looking at any bright 
colour the eye be closed completely ; the eye will then 
appear to see the complementary colour to that on 
which it had rested before it was closed. Just as the 
retina wearied with any bright colour produces the 
complementary one when it is withdrawn, so, in ordi- 
nary cases, it retains any impression made upon it for 
a sensible time ; so that if two impressions be made 
upon it following each other rapidly, they will appear 
as one ; and if a series follow with sufficient rapidity, 
they will all blend together. Hence, if a lighted 
torch be rapidly whirled round, it will form a complete 
ring of light ; and the spokes of a rapidly-revolving 
wheel all blend into a shadowy complete circle* If a 
disc, on which are painted in proper proportions either 
the seven prismatic colours, or simply red, blue, and 
yellow, be rapidly revolved, these colours will, in this 
way, be blended together, and appear as white. 

Questions on Chapteb XV. 

1. What is the action of a prism on light? 

2. Which rays are most, and which least refracted ? 

3. How can we discover the invisible heat rays? 

4. What is the similarity between light and sound ? 

5. How are the colours of plants produced ? 

6. What kind of light is reflected from the surface of all bodies ? 

7. When do we see the rainbow ? 

8. What part of the day is the rainbow largest ? 

9. How are complementary colours made to appear (tfter the eye 
is closed? 

10. How can we blend seven diffexeat ooVsxitft «5i «^ \» xosJisfe'^^a^ 
appear white? 
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CHAPTER XVI. 

Heat : Methods of Producing. Measurement of Heat. Centigrade, 
Fahrenheit's and Keaumur*s Thermometers. Expansion of 
Solids. Compensation Pendulums : Harrison's, Graham's. Effects 
of Unequal Expansion. 

There is now little donbt but heat, as well as light, is 
caused by the vibrations of ether. Many of these 
vibrations giving both heat and light; but others, 
whose undulations are too slow to produce light, pro- 
ducing only heat. There have, with regard to heat, as 
with regard to light, been two theories. One supposing 
that heat, or caloric, was a substance that could be 
communicated from one body to another ; consequently, 
that the addition of this substance made bodies hotter 
in proportion to the amount of it imparted to them ; 
whilst its loss by any means reduced their temperature, 
and made them colder. Another, that all heat is 
motion, and that, in fact, motion and heat are con- 
vertible into each other ; all motion causing heat, and 
all heat being the effect of motion. According to this 
theory, therefore, the more motion is imparted to a 
body, the more heat it contains ; whilst the loss of this 
motion reduces its temperature. 

Of the exact amount of heat contained in any body 
we are not, however, able to judge simply by the sen- 
sations they produce. To illustrate this practically, 
take three basons ; one filled with hot water, another 
with cold, and the third placed in the middle, of a 
temperature the mean of the two. Place then one 
hand in the hot and the other in the cold water for a 
short time, and then withdraw them and place both in 
the 'middle one, when the water therein will appear 
cold to the hand taken out of the hot water, and warm 
to the one taken out of the cold. Take again, as 
another example, Quito, which is a city under the 
equator, at an elevation of about 8,000 feet above the 
level of the sea, and possessing a gemaY «iA\iea!c^"t^\.'^ 
climate all the year round. BeautiWL wA ^eci^^V^^ 
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ever, as the climate of Quito is to its regular residents, 
persons who come to it from the hot plains below 
generally complain of it as being too cold; whilst 
others, who visit it from the mountains above, com- 
plain of it as being too hot. 

It is therefore necessary for determining the exact 
temperature, that some instrument more uniform in its 
indications than our senses shoidd be used. Instru- 
ments for determining ordinary temperatures are called 
thermometers, or measurers of heat ; and consist nearly 
always of a glass bulb with a small tube, in which the 
liquid in the bidb may expand. The liquids placed in 
them are nearly always alcohol, for very low tempera- 
tures, as it never freezes ; and for other temperatures, 
mercury. As liquids within ordinary limits expand 
equally for equal amounts of heat, the tubes are gradu- 
ated by first plunging them into water containing ice, 
and marking that point as the freezing; and then 
placing them into boiling water, marking this as the 
boiling point. There are three differently divided 
scales in use. First, that of Celsius, called the Centi- 
grade thermometer, used chiefly on the Continent, and 
partly in England; the freezing point is called the zero, 
and the boiling point is marked 100"^; and these divi- 
sions are continued above and below, any point below 
freezing being distinguished by a negative sign, as 
- 1°, — 2°, &c. The second, that of Fahrenheit, in 
which the space between the freezing and boiling 
points is divided into 180°. He, however, began to 
graduate it, not at the freezing point, but at a point 
32° below it. This point he obtained by placing the 
bulb in a mixture of snow and salt, and marking this 
as the zero point, believing it to be the lowest tempera- 
ture attainable. The third is that of Eeaumur, who 
divided the space between the freezing and boiling 
points of water into 80°, and graduating in other 
respects the same as that of the centigrade ; 4 of his 
divisions corresponding to 5 in the Centigrade, and to 
9 of Fahrenheit. In all these tlafexxcLOxcL'^Xftrt^ ^^ 
27Sanmur, 2 00"* Centigrade, and^l^"" ¥akT«v\!siteK!t,x<5.^^ 
tiveljr represent the temperature oi \icS&vx%\ ^"^cS^^ 
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the zero of Eeaumur and Celsius, and 32'' Fahrenheit, 
each respectively represent the temperature at which 
water freezes. 
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To convert degrees of R6annmr into Centigrade, it is 
only necessary to multiply by 5 and divide by 4 ; and 
to multiply by 4 and divide by 5, in order to change 
Centigrade to Reaumur. To change Fahrenheit to 
Centigrade, it is necessary first to subtract 32°, as that 
will give the point corresponding to the zero of each 
of the others ; then to multiply the remainder by 5, 
and divide by 9, to bring them into Centigrade, or by 
4 and divide by 9, to bring them to R^umur. To 
change Centigrade, to Fahrenheit, midtiply by 5 and 
divide by 9, and add 32° to the quotient. 

Expansion. — Heat expands all bodies by increasing 
the repulsive force of the molecides, and thus separat- 
ing them farther from each other. Expansion is spoken 
of as linear, superfidaly and cubical. 

This expansion is least for solids of all kinds, greater 
for fluids, and greatest of all for gases. It is, however, 
very different for different kinds of solids; thus, in 
passing from 0° to 100° Centigrade, or from 32° to 212° 
Fahrenheit — 

Lead and Zinc expand nearly ^^th of their length. 
Silver and Tin „ shf^^ 

Copper and Brass „ -Atj^ 

Gold „ ^\J[i 
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^'"^rTd S} ^^P*'''* ^^'•^y ^^^^ ""^ *^^"' ^^"Sth. 
Platinum and Glass „ 12^00 ^^ »» 

So tliat for the same amount of heat, lead and zino 
expand four times, and copper and brass twice as much 
as platinum and glass. Metals whose coefficients of 
expansion are nearly equal, may be combined together 
in any way without danger of fracture by change of 
temperature, whilst those whose coefficients of expan- 
sion are very different, cannot be combined without 
danger of their breaking away from each other on any 
great or sudden change of temperature. Platinum 
may thus be soldered into glass, and they will expand 
together without fracture ; but if copper or silver be 
soldered into glass in a similar way, any sudden or 
great change of temperature will fracture the glass, 
owing to the greater expansion of the metal. 

With regard to solids, the fraction of their length 
that they expand in passing from the freezing to the 
boiling point of water is called their coefficient of ex- 
pansion. Thus, if a bar of metal 20 inches long, 
lengthened to 20^ inches for this change of tempe- 
rature, its coefficient for linear expansion woidd be 
:^, as it would increase its length by that fraction ; but 
if this bar were 6 inches wide, and it expanded equally 
in all directions, it woidd evidently not only be ^ an 
inch longer but ^th of an inch wider, and its superficial 
arc, instead of being 20 x 5, or 100, woidd be 20^ X 5^, 
or 'y X V = W» o^ 1^5iV» which is a little more than 
twice ^ of 100. But, again, if the same bar were 2 
inches thick, it is evident that it would expand also in 
thickness by twice :^, or ^, and therefore its cubical 
contents would be represented by 20^ X 5^ X 2^, in- 
stead of 20 X 5 X 2, as before the expansion took place. 
It is evident, therefore, that, to calcidate accurately, the 
cubical expansion is a somewhat complicated affair; 
but where the coefficient of expansion is small, it is 
sufficient to reckon the coefficient of su^r&c^a^ ^s^-* 
p&nsion as twice the linear. Tliua, m Aik^ easfe ^asss^- 
tjoned, taking twice ^, or ^» aivd m^iliiX.\^yvx^% *2."V ^«s "^ 
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= 105, which is very nearly accurate, and similarly 
taking 3 times ^ for the cubical expansion, and taking 
21^ X 5 X 2 for the cubical contents after expansion 
would differ very little from the true result. Practi- 
cally, therefore, whatever be the coefficient for linear 
expansion, twice that is reckoned for the superficial, 
and three times that for the cubical, or its expansion in 
all directions. 

Though all bodies expand by heat, yet they ex- 
2)and very unequally. Take, as an illustration, the 
case of the thermometer itself, and suppose that the 
glass tube and the mercury, or alcohol, it contains 
expand equally, there would in that case be no rise of 
the mercury or alcohol ; for as the bulb and tube ex- 
panded equally they would just occupy the same space 
in it at all temperatures; but because the mercury 
and alcohol expand much more than the glass, that 
increased expansion causes them to rise in the tube. In 
;i*eality any sudden increase of temperature causes the 
mercury in the ordinary thermometer first to fall ; for 
as the glass is exposed to the increased temperature, 
and is not a good conductor, it expands first, causing 
the mercury to fall slightly in the tube ; so soon, how- 
ever, as the heat penetrates the glass fuUy, and commu- 
nicates the increased temperature to the mercury, it 
begins to expand rapidly and rises, owing to its expan- 
sion for the same amount of temperature being much 
greater than that of the glass. 

As all bodies expand with heat, and it has been pre- 
viously stated that a pendulum beats slower as it is 
lengthened, and quicker as it is shortened, it is evident 
that a clock regulated by a pendulum will move slower 
if the metal of which it is formed lengthen, and quicker 
if it contract. Clocks thus regulated, then, would niove 
slower in summer than in winter ; and when used in 
vessels traversing hot and cold climates, would go slower 
in hot than in cold. By making, however, a compound 
pendulum of different metals, and so arranging them 
that one of the metals by expanding upwards tends to 
shorten the pendulum as lauch. aa ^i^i-a oOcifit, ^^^^^ding 
downwards, tends to lengftieii Vt, \^x6^ xc^,^! ^» ^'^ ^^^- 
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gtraoted as to remain of the same length at any tem- 

Krature. It was not, however, until a lai^ amount 
d been offered by the Government to any person who 
should invent any means of overcoming the difficulty 
of r^ulating the movements of chronometers exposed 
to great changes of temperature that this method was 
discovered. The first and most noted of these was in- 
vented by Mr. Harrison, and is known, from its shape, 
as the " gridiron pendulum." In this the elongation 
of the steel bars downwards is compensated 1^ the 
elongation of shorter bars of copper upwards, so that 
the bob of the pendulum remains equsUIy distant from 
its point of auspension at all temperatures. Perhaps 
the simplest and best method was discovered bj 




Graham, an English watchmaker. This consists ot a 
glaffi cylinder containing mercury fixed at the end of 
a rod of steel or dried wood, and as the mercury ex- 
pands mnch more than the rod and cylinder, its expan- 
sion upwards elevates the centre of gravity as much 
as it is depressed by the elongation downwards of the 
cylinder and rod. The best watches ami oWwxciai^Kta 
which are regulated by a balanced "wlueei, Kie. tAao tiwia- 
penaated hy having balls of metaV BoVfexeA. ^ ^''''* 
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strips which expand unequally, the most expansible 
being on the outside, so that as the mass of the wheel 
expands by heat these balls are turned inwards, so 
that the centre of gravity of the wheel retains its same 
relative position whatever be the temperature. On 
this principle, too, pyrometers and some kinds of ther- 
mometers are constructed. If two metals which expand 
differently by heat be firmly fastened together at their 
ends, it is evident that when they are heated the one 
that expands most will be bent into a curve, and the 
greater the temperature to which they are exposed the 
more will the metal which expands most be bent ; and 
it only requires an index to mark the degrees of tem- 
perature corresponding to this increased curvature, for 
its indications to be nearly as accurate for very great, 
as those of the ordinary thermometer for ordinary, 
degrees of temperature. In the fixing of grates, 
boilers, bridges, &c., where the metal expands much 
more than the brickwork, it is necessary to allow space 
for the metal to expand, or it would force the brick- 
work or masonry asunder. In laying down pipes for 
• water, gas, &c., it is also in all cases necessary to allow 
space in the joinings for this expansion, or they would 
be bent on increase of temperature and forced out of 
their proper position. Advantage is taken of the force 
with which metals contract in cooling, in the placing 
of the tires on wheels, they being placed on red hot and 
then being suddenly cooled, they are not only firmly 
fastened, but they also bind all the parts of the wheel 
firmly together. 

Many metals, in passing from the liquid to the 

solid state, suddenly expand and then contract again 

on cooling; it is by this expansion, on assuming 

the solid form, that in castings the metal is forced 

into all the depressions of the mould, and the cast 

has a clear sharp outline ; and on account of the after 

contraction in cooling, moulds for casttf require to 

be made larger than the pattern, or they would be too 

small when cooled down. Metals that do not expand 

in becoming solid cannot "kov^ ^.n^ ^^caXa ^x ^^aan^ 

ontline given by inouldB, Wi4tTtt!bi«iox^\)!CL^^ las^^^'H^Qsa, 
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required, bo stamped upon tliem by dies, as in coining. 
Bodies that conduct heat badly are very liable to frac- 
ture on being suddenly and unequally exposed to in- 
crease of temperature. This is especially the case with 
glass ; so that on pouring hot water into an ordinary 
tumbler the inside of the glass expands suddenly, and 
with force sufficient to break the glass, before tho 
outside of the glass has had the heat communicated to 
it by conduction. This liability to fracture is, of course, 
increased as the difference between the temperature of 
the glass and of the water ; so that it is most likely to 
take place in cold weather. The thicker the glass, tho 
more likely it is to break, as it takes longer time for 
the heat to pass through the glass and equalise the 
temperature. This is the reason why all retorts and 
glass vessels exposed to great differences of tempera- 
ture should be thin, as then any change of temperature 
on one side is communicated to the other quickly 
enough to avoid fracture. The conducting power of 
glass is very much increased and its tendency to frac- 
ture from this cause lessened by the process of annealing, 
or causing the glasses, when first formed, to cool very 
slowly ; and hence common glass, which has not thus 
been annealed, breaks very frequently with very slight 
change of temperature between its interior and exterior 
surface. 

Questions on Chapter XVI. 

1. How can we show that the amount of heat in any body cannot 
be known by the senses ? 

2. Convert 112° Fahrenheit to Centigrade. 

3. Express 40° Beanmnr in the Centigrade and Fahrenheit's 
scales. 

4. How do we speak of expansion ? 

5. What is meant by coeffusient of expansion ? 

6. How may the cubical expansion be determined from the 
linear? 

7. What is the first effect of a. sudden increase of heat in an 
ordinary thermometer ? 

8. Explain the construction of the gridiron pendulum. 

9. On what property of metals does the d'Utiud'ae»» ol ^i».^osi<s^ 
depend? 

10. TFZrjfifionid^Jass retorts be thin? 
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CHAPTEE XVII. 

Expansion of liquids. Freezing: Deep and Shallow, Salt and 
Fresh Water. Ebullition. Effect of Elevation. Expansion of 
Gases. Principles of Ventilation. 

Expansion' of Liquids. — The expansion of liquids is 
always given in terms of their cubical or total ex- 
pansion; and from what has been stated respecting 
the thermometer, it will be evident that there is a 
difference between their absolute and apparent ex- 
pansion — the latter being the difference between the 
expansion of the liquid and that of the vessel in 
which it is contained. As in the case of solids, there 
is great difference in the coefficient of expansion in 
dififerent Uquids. In passing from the freezing to 
the boiling point alcohol expands nearly -^th of its 
bulk, oil of turpentine and ether about -nrth, water 
T^th, and mercury about ^th ; so that alcohol expands 
more than twice as much as water, and more than six 
times as much as mercury. This large expansion of 
alcohol for difference in temperature makes it im- 
portant to all kinds of dealers in spirits, in purchasing 
them, to calculate their bulk at a standard tempera- 
ture, and then make a suitable allowance if they are 
measured much above or below that standard. Liquids 
expand more for equal amounts of heat at a high than 
at a low temperature, and often very unequally near 
their boiling and freezing points ; and the great value 
of mercury for thermometers registering ordinary tem- 
peratures is, that from 36° C. to 100° C. it expands 
equally for equal amount's of heat. 

Water increases in volume above or below the tem- 
perature of 4° C, or 39 • 2° Fahr. Below this tempera- 
ture it increases in volume to 0° C, or 32° Fahr., when, 
under ordinary circumstances, it becomes solid with a 
sudden and great increase of volume. The force of 
this expansion is sufficient to burst any ordinary vessel 
in which it may be confined, and it very frequently 
bursts water-pipes and other vessels, in frosty weather, 
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On that account. It is on account of water becoming 
gradually lighter "before freezing that deep water rarely 
or ever freezes ; for as it cools down towards 4° C. it 
sinks to the bottom and the warmer and lighter rises 
to the surfeice, so that the whole body of water must be 
cooled down to that temperature before freezing com- 
mences. 

On this account shallow pools and the edges of lakes 
freeze first, and it is often dangerous for skaters to go 
near the middle of lakes, though the ice may be thick 
and safe near the edges. Salt water requires to be 
cooled down below the freezing point of fresh water in 
proportion to the quantity of salt it contains ; so that 
salt-water lakes do not freeze so soon as those of fresh 
water. Some seas, as the Baltic, have less salt in pro- 
portion than the waters of the ocean generally, and on 
this account, and also on account of its being shallower, 
the Baltic freezes almost like a fresh-water lake. 
Bunning water rarely freezes, especially in the centre 
of the stream, for its continual motion serves to keep 
up its heat, and prevents its surface from cooling to 
the necessary temperature. If ice were not lighter than 
water, and when it was formed it sunk to the bottom, 
ir would, by its accumulation, interfere with, or en- 
tirely suspend, many of the most important operations 
of nature. The formation of ice on the surface of lakes 
and rivers also prevents the water underneath from 
cooling down below 4° C. ; and as this is a temperature 
at which fishes and other inhabitants of the water can 
live, it prevents their destruction, which must have 
taken place had the temperature of the water been 
reduced below the point necessary for their existence. 
The next important change, after freezing, that takes 
place in water and other liquids is that of ebullition or 
boiling. Water gives off vapour at all temperatures, 
and it passes by gaseous diffusion into air, but when the 
temperature is raised to 212^ Fahr., or 100° C, the pres- 
sure of the vapour equals that of the atmospherCj so 
that a bubble of vapour has an elastic force equal to 
the atmospheric pressure, and will float on the surface 
of the water freely. This point, whei^ t\ia \«a«\ftT^ ^'t 
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vapour equals that of the atmosphere, is called the 
boiling point, and it necessarily varies really with the 
rise and fall of the barometer ; so that the temperature 
at which water boils is higher in mines than at the 
level of the sea — generally higher in the northern than 
in the southern hemisphere, and, of course, becomes 
lower the higher we ascend, so that water boils at a 
much lower temperature, as has been practically proved 
by Professor Tyndall, and others, on the top of Mont 
Blanc and Mont Eosa, than at the level of the sea. 
Hence, with a good thermometer to determine the tem- 
perature at which water boils on the tops of mountains, 
a good approximation can be made of their height. 
For small distances above the sea, an elevation of about 
600 feet lowers the boiling point 1° ; so that at a height 
of 600 feet water boils at 211^ Fahr. ; at 1,200, 210^ 
Fahr., &c. ; but as each layer of atmosphere becomes 
rarer as we ascend, it is evident that in reality 
we must, as we ascend, pass through more feet, to 
lower it from 211° to 210° than from 212° to 211°, and 
still more to lower it from 211° to 210°, and so on, 
passing through more feet for every additional degree 
of temperature below 212°, at which water boils. 

Expansion of Gases. — Gases expand in bulk much 
more than either solids or liquids, and they also, 
unlike those bodies, expand uniformly under equal 
conditions of temperature and pressure. Thus, under 
the ordinary atmospheric, pressure, all gases expand 
TTT^ of their bulk for each degree of temperature of 
the Centigrade, and ^-^ for each degree of tempera- 
ture of Fahrenheit scale. It will thus be seen that 
whilst the coefficient of alcohol, in passing from the 
freezing to the boiling point, is only -J-th, that of any 
of the gases would be ^-^, or more than three times 
as great ; whilst it would be more than twenty times 
as great as that of mercury. Consequently, if a 
cubic foot of air, or any other gas, be raised through 
273^^ C, or 490° Fahr., it wiU just be doubled in volume, 
but it will not weigh more than before its density, for 
the same voliune will only "be ou^-^'aNi ol -^"W\» W.^^ksa» 
before it was thus heated. It ioV\o^^,'OcL^x^lQt^,^^^»^S. 
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any portion of the air be heated, it will ascend, just as 
a cork ascends in water ; and this is the true reason 
why smoke rises up chimneys, in opposition to gravity ; 
for though the smoke itself is heavier than the air, yet the 
fire heating the air over it, causes it to ascend, and the 
current thus generated carries with it the particles of 
soot, &c., though heavier than the air itself, just as the 
current of a river carries along with it mud, stones, &c., 
and deposits them as a delta near its mouth. All proper 
ventilation, also, depends on this principle ; in all cases 
where this is properly attended to, provision is made 
near the ceilings and roofs for the escape of the heated 
and vitiated air, whilst provision is made near the floors 
for the admission of purer, cooler, and heavier air. Ven- 
tilation, owing to many causes, is not, however, easy to 
manage without causing draughts which act preju- 
dicially; if, however, in all ordinary rooms where a 
fire is burning, a smaU opening, protected by a grating, 
be made under the fireplace and connected with the 
open air, and another opening near the ceiling into the 
chimney, which can be closed when the fire is not 
burning, this would render pleasant, and provide with 
pure air, many rooms which, without some expedient of 
the kind, are generally filled with air too impure to be 
long breathed without injury to health. 

Questions on Chaptee XVII. 

1. How is the expansion of liquids expressed? 

2. What fluids expand most, and which six times less, for eqna] 
amounts of heat ? 

3. "Why does shallow water freeze sooner than deep ? 

4. What is the temperature ahove and below which water 
expands ? 

5. How may the boiling-point of water roughly determine the 
height of moimtains ? 

6. At what temperature would water boil 15,000 feet above the 
level of the sea ? 

7. How much do gases expand for each degree of Fahrenheit's 
scale? How much for each additional degree of Centigrade t 

8. Why does smoke ascend the chimney ? 

9. Explain a good method of ventilation for ordlnaxY t!cyscD&; 
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CHAPTEE XVm, 

Ir 

Difference between Conijuction and CoNyEonojT. Good and Bad 
Conductors of Heat. Value of Different Kinds of Clothing. 
Heating of Public Buildings. Ventilation of Mines, &c. 

Conduction and Convection. — Whenever heat is con- 
veyed from part of a body to another, from molecxile . 
to molecule, without any relative change of their 
position, the body is said to be heated by conduction. 
It is in this way that all solids are heated, and they 
are divided into good and bad conductors according 
to the speed with which the heat is communicated 
from one part of them to another. As a rule, all 
metals are good conductors ; for tmless bodies conduct 
heat and electricity well they are not considered as 
belonging to the metals. The best of these, however, 
are gold, silver, and copper. As a rule, all organic sub- 
stances, whether animal or vegetable, are bad con- 
ductors, whilst earths and other inorganic substances, 
not metallic, are neither very good nor bad conductors. 
Hence all articles of clothing, as silk, wool, hair, feathers, 
cotton, linen, &c., are bad conductors ; though cotton 
and linen^ the latter especially, are better conductors 
than the others. Wood and all vegetable fibres are bad 
conductors, though — as seen in the case of linen and 
cotton — they conduct it better than those, such as wool 
and silk, derived from the animal kingdom. We can 
tell, practically, good from bad conductors by touching 
them when they are either at a high or low tempera- 
ture. Thus, if we entered a room the temperature of 
which was that of freezing, we might walk with our 
naked feet on the carpet or hearth rug, or handle the 
woollen curtains, without feeling much chilled ; because 
they, being bad conductors, would not quickly take 
away the heat of those parts of our bodies in contact 
with them ; touching the walls, mantelpiece, doors, &c., 
would give a sensation of cold, but not nearly to the 
same extent as touching tltie ^TMionas, ^T^\fc"&^ te,^ l^t 
these, being good conductoxB, ^ovxV^ Tar5|\a\^ "^a^^ ^'^^l ' 
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tte heat from the parts of the body with which they 
were in contact. Similarly, if we entered a room raised 
to the temperature of 212° Fahr., the carpet, rug, cur- 
tains, &o. would not feel uncomfortably hot, for they 
would not quickly impart their excess of heat to the 
body, whilst touching the grates, stoves, fire-irons, &c. 
would give a sensation of heat sufficient to cause actual 
pain. The difference of feeling between putting on, in 
a cold atmosphere, articles of linen, cotton, and wool 
will also, in a similar way, show how much more 
quickly the former conducts heat away from the body. 
Clothing aids in keeping up the temperature of the 
body in a cool atmosphere chiefly by its not readily 
allowing the passage through it of the heat from our 
bodies into the air. 

The difference between the conducting power of 
bodies receives many illustrations and is turned to 
important uses, both in nature and art. Nothing, for 
example, is more important to plants and animals 
than the preservation of their vital fluids from ex- 
tremes of heat and cold; and therefore, not only are 
all animal and vegetable tissues formed of badly-con- 
ducting substances, but whenever they possess natural 
coverings those are composed also of non-conducting 
substances. Hence, wool, hair, feathers, &c., which 
compose most of the natural covering of animals, are 
amongst the worst conductors of heat, and for this 
reason are also the most valuable materials of which to 
form the clothing of man. The epidermis, also, of thick- 
skinned animals, such as the elephant, rhinoceros, &c., 
which are not so much covered, are themselves a suffi- 
cient protection to these animals by being non-con- 
ductors. The bark of trees is also a much worse 
conductor than the woody fibre beneath it, and by its 
non-conducting power often protects plants and trees 
from destruction by the frosts of winter. 

Though all metals are good conductors, yet copper is 
a much better conductor than iron, and it is on this 
account that not only does water boil •amftla. ojvai^^st xa. 
metallic than in any other kind oi n^«»^^,\>k>^»'^^"''^^^ 
boil much more quickly in one oi qo^^^t ^^"^^». <3^^ 
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of iron. When, however, heat requires to be gradually 
and slowly applied, as in baking, preserving, making 
soups, &c., then earthenware vessels, which conduct heat 
more slowly and gradually, are generally employed. If 
we want to protect any substance from changes of tem- 
perature, whether of heat or cold, we surround it with 
non-conducting substances. Hence, if we surround a 
vessel containing hot water with bran, sawdust, wool, 
&o., the water will remain hot a long time ; and if we 
similarly surround a vessel of ice, the ice will be 
equally preserved from melting, the non-conducting 
substance round the vessel equally preventing the 
escape of the heat from the water, and the admission 
of heat from the surrounding air to the ice. Almost all 
bodies are rendered bad conductors of heat if divided 
into powder, as the powder contains, in its interstices, 
a large quantity of air, which is a non-conductor. On 
this account, red-hot cannon-balls may be conveyed in 
wooden carriages containing sand, or ashes, without 
injury to the carriage; and red-hot lava has been 
known to flow over ashes, underneath which was a 
bed of ice, without the ice being melted. Copper 
kettles, metal teapots, and other metal vessels used for 
holding hot water, have generally some non-conducting 
substance — as wood, bone, or ivory — ^inserted between 
the vessel and the handle, otherwise the heat from the 
contained fluid in the vessel would bo conducted so 
quickly to the hand of the person holding the vessel 
that it would be painful to hold it. On account of air 
itself being a bad conductor, two or three articles of 
clothing are much warmer than one, though the one 
may be thicker, inasmuch as between each article is 
interposed a layer of air, which prevents the heat passing 
from the body into the atmosphere. Double doors and 
windows are often used in very cold climates, on this 
accoimt. 

Liquids and gases, on account of the mobility of their 
molecules, are not heated by conduction from particle 
to particle, as in solids, but the molecules first heated, 
on account of their increased elasticity and decrease of 
density, rise up from immediate contact with the 



CONDUCTOKS OF HEAT. 107 

Bource of heat and other molecules, denser and less 
elastic, descend to take their places. There is thus a 
constant current, on the liquid or gas being heated, of 
light elastic particles, and of denser and cooler particles 
downwards. Bodies thus heated are said to be heated 
by convection. Like, for instance, a vessel full of 
water or any other fluid placed over a common fire, 
the bottom and sides of the vessel get heated by con- 
duction, and they communicate their heat to the mole- 
cules of the fluid in contact with them; but these 
molecules, instead of remaining in their original posi- 
tion, and imparting their heat to the molecules next 
then;i, move away, and the colder and denser molecules 
come down the centre of the vessel and take their 
places, so that there is a constant current of heated 
molecules upwards at the sides of the vessel, and a 
downward one of cool ones in the middle ; and these 
currents continue till the whole mass of fluid becomes 
heated. 

This principle is also applied to heating houses, 
public buildings, &c., with pipes to regulate th*e 
currents, so that those of hot water should pass around 
or under the rooms which they are required to heat. 
The boiler supplying the pipes is always at the base of 
the building, and the pipes are placed in any ascend- 
ing direction that may be required, and connected 
with as many more cisterns above the principal one as 
may be requisite for safety and the regulation of the 
supply of water. When the boiler is heated the hot 
water ascends, and the cold from the upper parts of 
the building descends by its greater weight, so that a 
constant current of hot water is ascending, which can 
be drawn off by taps, where required ; and by another 
system of pipes, connected with the lower part of the 
boiler, there is a stream of cold water descending, which 
can also be drawn off by taps, if required ; only, where 
the water is thus drawn off, there requires some self- 
regulating system to supply to the boiler as much as is 
drawn off or wasted by evaporation. 

A better illustration of the expansion of gases by 
heat cannot, perhaps, be given than one referred to 
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previously, viz., the action of the sun on the equatorial 
regions, and the consequent expansion and rising of 
the heated air, causing the vast currents known as the 
trade winds, whilst these vast masses of heated air 
pass over the region of the surface of trade winds as 
upper currents, and then descend again, when cooled in 
the upper regions of the air, to form near the suxface 
the north-westerly and south-westerly winds that 
prevail from the 30th to the 60th degree of latitude. In 
fact, all the winds, by whatever name called, have their 
origin in the unequal heating of the different portions 
of the atmosphere; and, as the atmosphere, notwith- 
standing all these currents, remains upon the whole 
unaltered in composition, density, or elasticity, we may 
always conclude that whatever may be the general 
character of the currents on the surface of the earth, 
if they are mainly in any one direction, there must be 
equal and contrary currents to restore the equiHbrium 
in the higher regions of the air. 

It is on this principle that the ventilation of mines 
and their freedom from accumulation of dangerous 
gases is conducted. In all cases there is an ascending 
shaft, under which a large fire is kept constantly 
burning, which heats the air and causes it to ascend, 
as in the case of an ordinary chimney. At another 
portion of the mine fresh and cool air is admitted, and 
the passage of this air is regulated by doors, which 
can be opened or shut so as to cause the current of 
cool air entering the mine to take any required direc- 
tion, till after passing through jand removing along 
with it the noxious gases, it passes from the mine 
up the ascending shaft with a velocity somewhat in 
proportion to the amount of heat generated by the fire 
below. 
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CHAPTER XIX. 

Specipio Heat. Large Amount of Specific Heat of Water. Latent 
Heat. Differences between Northern and Southern Hemispheres. 
Freezing Mixtures. Badiation and Absorption of Heat. Dew : 
when most Deposited. Rock Salt : its action on Rays of Heat. 

Specific Heat. — K three similar vessels of the same 
size be filled, one with water, another with iron, and a 
third with mercury, all of the same temperature, and 
exposed to the same source of heat till the temperature 
of the water is raised 1°, it will be found that the iron 
is raised through 9°, and the mercury through 30°. If 
the experiment be altered, and 1 lb. of water be placed 
in the first vessel, 9 lbs. of iron in the second, and 
30 lbs. of mercury in the third, it will be found that 
when the same amount of heat is applied to each, they 
will be raised equally in temperature ; so that the heat 
that will raise 1 lb. of water one degree, will raise 
9 lbs. of iron or 30 of mercury also through one degree. 
It is thus seen that bodies possess very different 
capacities for heat, some requiring much more than 
others to raise them through the same degrees of 
temperature. The same fact may perhaps appear more 
clearly by pursuing a different method. If we mix 
together 1 lb. of water at 100° with 1 of 50°, the result 
will be 2 lbs. of water at 75°, which is a mean between 
100° and 50° ; but if we mix 1 lb. of mercury at 50° 
with 1 lb. of water at 100°, the temperature of the 
mixture will not be 75° but 98*4° ; so that, whilst the 
water has only lost 1*6° of its heat, the mercury has 
gained 48*4°, or 30 times as much as the water has 
lost ; and if the same experiment had been performed 
with 1 lb. of iron and 1 lb. of water, it would have been 
found that the iron would have gained 9 times as 
much as the water had lost. 

It has been previously stated that the atoms of all 
bodies are believed to be of the same size, but to differ 
in weight; and Dulong and Petit ^wics^^x^^ *Occ^^ ^'^- 
markahle law with regard to ^^ecv^^ \vRaX^ *0w^^ *v>cvfc 
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atomic weights of all simple bodies mxQtiplies by their 
specific heat as a constant quantity, or, in other words, 
that the specific heat of bodies is always inversely as 
their atomic weights, and that consequently the atoms 
of all bodies require the same amount of heat to raise 
them through the same degrees of temperature. This 
law, however, applies to bodies under the same con- 
ditions ; thus, the specific heat of a solid or a gas is less 
than that of a liquid, as is remarkably shown in the 
case of water, the specific heat of wMch in a liquid 
condition is nearly double that of its specific heat 
either as ice or steam. Under the same conditions, 
however, this law is found to be universally true, thus 
as the atomic weights of hydrogen, nitrogen, and 
oxygen are 1, 14, and 16 respectively, so their specific 
heats are as 1, -j^, and -^ ; and it would take, there- • 
fore, 16 times as much heat to raise any given weight 
of hydrogen 1° in temperature as it would to equally 
raise the same weight of oxygen. 

Water, which of all solid and liquid bodies possesses 

• the largest amount of specific heat, is always taken as 
the standard with which to compare the specific heat 
of other bodies ; but for gases it would be much simpler 
to take hydrogen as a standard, and then the simple 
division of the specific heat of hydrogen by the atomic 
weight of any other gas would at once give its specific 
heat. The large specific heat of water is one of the 
most important means of tempering the vicissitudes of 
heat and cold, and equalizing the temperature, espe- 
cially in the neighbourhood of large bodies of water. 
Latent heat. — If 1 lb. of ice of 12° Fahr. temperature 
be gradually raised to 32°, thus absorbing 20° of heat, 
it will be found, before any additional increase of tem- 
perature is indicated by the thermometer, to absorb 
7 times as much, or 140° of heat ; and then the ice will 
be converted into water of the same temperature as 
the ice. If the heat be still continued, the water will 
then gradually rise again in temperature till it come 
to 212^ Fahr., when it will again remain stationary, 
and continue so till it has absoxb^^ ^^1"^ QS.\ift».\.^'^N\i<b\L 

2t will be converted into steam oi «w \«ar^«t^\jQa» <:?l 
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212° Fahr, ; and then, if the heating power bo still 
applied, the temperature of the steam will steadily rise 
above 212°. In this experiment no increase of temper- 
ature took place in the ice above 32°, and no increase 
took place in the temperature of the water above 212°. 
It appears, therefore, that the 140° of heat, in the first 
case, was employed in converting the ice into water, 
and the 967°, in the second case, in converting the 
water into steam ; and these amounts of heat, of which 
no evidence was given by the thermometer, are said 
to be latent, or concealed, and thus water is really a 
compound of ice and 140° of heat, and steam a com- 
pound of water and 967° of heat. Before water can 
be again converted into ice it must, therefore, give up 
140° of heat, and before vapour can be condensed into 
water it must equally give up 967°. 

This experiment might be conducted with most 
other bodies in a similar way, and with similar 
though not equal results; but it is believed that 
as by the oxy hydrogen blow-pipe and the voltaic 
battery most of the metals previously considered 
incapable of fusion have been melted, so those not as 
yet fused may be so when methods are discovered of 
producing a sufficiently high temperature. Each 
substance has, however, a constant temperature at 
which ftision commences, and, as in the case of ice, 
the temperature does not rise sensibly till the fusion is 
complete. Though, therefore, the latent heat of water 
is greater than that of any other substance, yet in all 
cases of liquefaction a certain amount of heat is rendered 
latent; and generally this amount of latent heat is 
proportionate to the capacity for heat of the substance 
thus liquefied. The temperature of solidification and 
that of liquefaction are of course the same: thus ice 
melts and water freezes at 32° Fahr., and hence the 
fusing point of substances generally liquid, as mercury 
38° Fahr., oil of vitriol 30° Fahr., and bromine 9-5° 
Fahr., are generally spoken of as the temperatures at 
which they become solid, or their temperatures 
of Bo}2di£catioiL This shows tTaib ^losiDftT^^ QSi^!^s5^% 
effect of evaporation, as it xeqpiie^ Tift»xV^ ^^ tsssx^sx 
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amount of heat to convert one gallon of water into 
vapour as to raise 5J gallons from tlie freezing to 
the boiling point. On a large scale we see the 
eflfect of this as exemplified in the northern and 
southern hemispheres. There is three times more land 
in the northern than in the southern hemisphere; and 
if we divide the earth into two hemispheres, taking 
England as the centre of one, and our antipodes as the 
centre of the other, we shall have 46 millions of square 
miles of land in one, and only 6 millions in the other. 
Now the amount of evaporation in similar latitudes 
will evidently be in proportion to the amount of 
surface of water, and there will be, consequently, much 
more evaporation in the southern than in the northern 
hemisphere, and again, much more in the hemisphere 
of which our antipodes is the centre than in that the 
centre of which is England. 

This is so well understood that the southern hemi- 
sphere has been compared to the boiler of an engine, 
and the northern to the condenser ; for where there is 
the greatest amount of land, especially of a mountainous 
character, there the winds in passing over it will be 
chilled and its vapour condensed, and fall in the form 
of snow, hail, or rain. This accounts, then, for the 
southern hemisphere being so much colder upon the 
whole than the northern, and also for the fact that, in 
the northern hemisphere itself, the western portion of 
Europe has the highest temperature, in proportion to 
its latitude, of any portion of the earth's surface, and 
that the line of greatest heat is not only generally 
north of the equator, but that it comes farthest to the 
north in the longitude of Europe. As the rain that 
falls on the earth's surface must either run off by 
natural or artificial drainage to the sea, sink into the 
earth to appear again as springs, or be raised again by 
evaporation, we can easily see how important it is in a 
cool and moist climate to provide good drainage, to 
prevent the reduction of temperature that must take 
place where, the drainage being bad, the greatest 
quantity of the rain has to be reconverted into vapour 
where it falls. The malaria of the Pontine Marshes, 
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and the low fevers and agues that prevailed so exten- 
sively in the fens and marshes of Lincolnshire, the 
marshes of Essex, Gloucestershire, &c., whilst they 
were nndrained, and which have now almost or entirely 
disappeared as they have been better drained and 
cultivated, are all proofs of the evil effects produced 
by the chilling action of excessive evaporation. On a 
smaller scale we see this in the often fatal effects of 
sleeping in damp beds, putting on wet linen, or keeping 
it on after it has been wetted by exposure to rain, dew, 
&c. ; for in all these cases the heat required for the 
conversion of the water into vapour is abstracted from 
the body, and thus reduces its temperature, so as to 
produce rheumatism, ague, fever, colds, and other forms 
of disease. This chilling effect of evaporation has also 
been turned to useful effect, as in cooling wines, &c., 
by placing a moist cloth round the vessel containing it, 
and thus abstracting the heat by the conversion of the 
moisture in the cloth to vapour. 

All freezing mixtures depend on this principle, and 
we cannot put even a small quantity of salt or sugar 
into soup or tea without reducing their temperature, a 
certain quantity of the heat of the liquid being neces- 
sary to liquefy the sugar or salt. It was by mixing 
salt and ice, which by their chemical action on each 
other caused liquefaction, that Fahrenheit obtained a 
temperature which ho made the zero of his scale, and, 
by combining substances of greater chemical activity, 
a much lower temperature can be obtained. Thus, a 
mixture of calcic chloride and snow will, if the vessels 
in which the mixture is made and the chloride itself be 
cooled down to the temperature of the snow before 
making the experiment, produce a temperature from 
45° to 50° below the zero of Fahrenheit. The ordinary 
machines for making ice consist of a vessel containing 
the water to be frozen, surrounded by another contain- 
ing the freezing mixture, the whole being surrounded 
by some non-conducting substance to exclude the heat 
of the atmosphere. This freezing mixture generally 
consists of 2 parts of snow or pounded ice and 1 of salt, 
or of sulphate of sodium and hydrochloric acid. 
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Badiation and Absorption of Heat. — A body is said to 
radiate or give out heat when it imparts motion to the 
molecules of surrounding bodies, and to absorb heat 
when surrounding bodies impart motion to the mole- 
cxdes of which it is composed. In all cases the radiating 
and absorbing powers of bodies are equal, and those 
which become hot in the presence of a source of heat 
with the greatest rapidity will radiate that heat and 
become cool the soonest when the source of heat is 
withdrawn. In all cases, too, bright and polished sur- 
faces which reflect light and heat most readily are the 
slowest to become hot when exposed to the action of a 
source of heat, and the slowest in cooling when they 
are once heated. Solid bodies, too, in all cases, receive 
or absorb heat, and also radiate their heat much more 
readily than liquid ones, and, consequently, large 
masses of land become hotter during summer, and 
colder during the winter, than islands ; and hence the 
severity of continental as compared with the mildness 
and equality of insular climates. The vapour in the 
atmosphere also absorbs heat, and thus itself becomes 
heated by the passage through it of the sun's rays. 
This is the true reason why there is not only much 
less difference between the temperature of summer and 
winter, but also between that of day and night, in 
regions where the air generally contains a large portion 
of vapour, than in regions where the air is compara- 
tively dry. In the centre of Australia, and generally 
in arid and desert regions, the heat of the sun is almost 
intolerable during the day on account of the dry air 
allowing the sun's rays to fall upon bodies with all 
their force ; whilst in the same places, after the sun 
has set, so rapidly does the earth radiate its heat that, 
as Dr. Livingstone found in several places in Africa, a 
day of intolerable heat was followed by a night during 
which the air near the earth was cooled down below 
the freezing point of water. It was on this account 
that Professor Tyndall, to whose discoveries we owe 
moat of OUT knowledge on this subject, found the 
direct lays of the sun to fa\i ul^OTL\uIa^ikTQ^QL^\X^a dry 
sir of Mont Blanc wiik a ioTce> ^^saoe^. \)aiJQ«KisiJ»^^^ 
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whilst no sooner was he sheltered from those direct 
rays by a projecting rock than he found the air to be 
really cold. TraveUors in the centre of Australia, also, 
have experienced their greatest difficulties from this 
cause, and its eflFect generally on climate is one of the 
most powerful in existence, with the exception of 
distance from the equator, and height above the level 
of the sea. 

Dew is a deposition of particles of water upon bodies 
which have been cooled down below the temperature 
at which the surrounding air is able to retain its 
vapour in an invisible form. It is produced in the 
greatest abundance when there is the greatest difference 
between the temperature of the day and night, and 
upon those bodies which radiate their heat with the 
greatest rapidity. During the night the air near the 
surface of the earth is constantly much lower in tem- 
perature than that even only a few feet above it, and 
this chilling of the air is, of course, greatest on clear 
and cloudless nights, for then nothing prevents the 
radiation of heat, and the consequent cooling of bodies 
on its surface. The deposit of dew is, of course, nearly 
quite prevented in windy weather, as the air does not 
remain long enough in contact with the bodies on the 
earth's surface to be sufficiently cooled. Cloudy nights 
also prevent much deposition of dew, by preventing 
the radiation of heat from the earth, and, for the same 
reason, little dew is deposited on substances protected 
by overhanging buildings or trees, as they also prevent 
the escape into the air of the heat from bodies beneath 
them. Very little dew is deposited on bright and 
smooth surfaces, as they do not cool quickly by radia- 
tion. In all calculations respecting radiation and 
absorption of heat lamp-black is taken as the standard, 
and the power of other bodies compared with it. Gene- 
rally, the darker and the rougher the surface of any 
body is the greater is its radiating and absorbing 
power, and the lighter and smoother the less its power 
either to absorb or radiate heat. 

Kettles, pans, and all other vesseV-ft \o >m\cv^ *"^ Hs^ 
desirable to impart heat, skou^A. \vsx\<i ^<5svx «03?^a5iR5^ 
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black and rougli, and hence water will boil mucli more 
quickly in a kettle or pan covered with a layer of soot 
than in one bright and new ; but if yon want a vessel 
to retain the heat of any liquid contained in it, then 
the brighter and smoother the surface, and the longer 
will the temperature of the liquid be maintained. 
Thus, the housewife should keep the surface of her 
urns, teapots, and kettles, merely used for holding hot 
water, bright, and so should the engineer keep bright 
the steam pipes of his engine, whilst the stoves and 
pipes of hot-water apparatus should be rough and 
black. 

Some bodies, as rock-salt, allow rays of heat from all 
sources readily to pass through them, whilst others, 
like glass, will readily allow light to pass through 
them, but almost entirely prevent the passage of the 
non-luminous rays of heat. It is on this account that 
glass screens protect us from the heat of the fire, a 
great part of which consists of obscure or non-luminous 
rays, whilst, at the same time, they allow us to see the 
cheerful light of the fire behind it. It is on this 
account, also, that hot-houses and buildings of all kinds 
with glass roofs become so quickly heated by the rays 
of the sun, for the glass admits the luminous rays of 
heat from the sun to pass freely through into the 
building, but when they are reflected tack as obscure 
rays they cannot pass out again, and, consequently, the 
heat in the interior of the building rapidly rises above 
that of the outer air. 

Questions on Chapters XVIII and XIX. 

1. Which of the metals are the best conductors of heat? 

2. What are all articles of clothing? 

3. What parts of the furniture in a room could we handle without 
injury at a temperature of 32° or 180°? 

4. How can we prevent ice melting in summer ? 

5. Why are pieces of ivory or bone frequently put on the handle! 
of metal teapots ? 

6. How are liquids and gases heated ? 

7. Explain the method of warming houses by hot-water pipeSi 
and the method of ventilating mines. 

S. What IB the diflference in apecV^c \iettX\>«;W«sstxc«wixnf «ad 
water F 
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9. What is the latent beat of water and of steam? 

10. Explain the difference in temperature between the northern 
and southern hemisphere. 

11. Explain the composition and action of freezing mixtures. 

12. What is dew? and when is it most copiously deposited? 

13. Explain the difference between glass and rock-salt with 
regard to rays of heat. 
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CHAPTER XX. 

Magnetism. Natural and Artificial Magnets. Magnetic Poles. 
Theories of Magnetism. Magnetic Fluids. Magnetic Currents. 

Magnetism. — This science is so called from the town of 
Magnesia, in Asia Minor, where, before the Christian era, 
it was discovered that certain ores of iron had the power 
of attracting other pieces of iron, and also of placing 
themselves, when freely suspended, so as to point north 
and south. This was called by the ancients quick iron, 
and superstitiously regarded by them as possessing 
almost all kinds of virtues, and capable of healing 
many diseases. It was called by our Saxon forefathers 
lode, or lead stone, from its pointing towards the north, 
as the north . pole star was called by them lode star, 
and this term was corrupted into loadstone, by which 
name the natural magnet is now commonly known. It 
consists of a combination of two different oxides of iron, 
and is found as an iron ore, not only in Asia Minor, 
but in Norway, Sweden, the Isle of Elba, and in some 
parts of England. It is usually termed magnetic iron 
ore, and is manufactured into the best kinds of steel. In 
appearance there is nothing to distinguish it much 
from other ores of iron, and, were it not for its greater 
weight, it might be taken for an ordinary stone. In 
its most important use, as a guide to shii^s by ^^.Y^Xxcij^ 
constantly in one direction, it ^aa Wor^rci. Vi *Ocl^ 
Cbineae more than 2,000 years "beioxe cswx et^-^^i^^-^^ 
be name of the Chariot of the S^ni •, t\ie7 ^-^^"S* ^^ 
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name to it from the end which pointed to the south, 
just as we gave it from the one pointing to the north. 
Navigatioil, before its discovery, was necessarily diffi- 
cult and perilous, especially as when, during St. Paul's 
journey, " neither sun nor stars for many days ap- 
peared," for mariners in those cases, having nothing to 
direct their course, instead of going boldly out to sea, 
were compelled either to remain at anchor, or to keep 
near the land. It was not till the twelfth century that 
its use was known to Europeans; and only when 
Columbus sailed to the New World was it discovered 
that its direction was not always north and south, but. 
that it varied more or less in direction from the true 
meridian. 

Magnetic Induction. — The loadstone, or natural mag- 
net, has the power of imparting its own properties to 
pieces of iron or steel with which it is brought in con- 
tact. If, for instance, a piece of soft iron be brought 
near the north pole of a magnet, it will itself at once 
bo converted into a magnet, the end nearest to the 
north pole becoming a south pole, and the one most 
distant becoming a north polo. If then a second piece 
of soft iron be brought near the first, it will also be 
acted upon by the first piece of soft iron in the same 
way as the first piece was by the natural magnet, thus 
showing that, so long as the piece of soft iron is in 
connection with the magnet, it is converted for the time 
into a magnet itself. JSo soon, however, as the piece of 
soft iron is removed from the magnet it loses all its 
magnetism ; but if, instead of a piece of soft iron, a 
piece of hard steel had been brought near the pole of a 
natural magnet, it would have taken some time before 
it had become a magnet, and after it had remained 
long enough to be converted into a magnet it would 
retain its magnetism for a considerable time, and, 
under suitable conditions, would become a permanent 
magnet. 
^Several diflferent methods are adopted by which the 
natural ina<^net is made us^ oi to iotisi, froia pieces of 
Iiard steel, different kinds oi a\'\iv^eAQ\Tsi'ai^^\.^\ «sA^^ 
tJbose magnets can bo made oi a. m^ai^^ tslot^ ^crK^^\:^'^\is» 
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sliape, and are in eveiy way better suited for illustrating 
the science of magnetism, they are generally used for 
all magnetic experiments, as well as for guiding Yessels 
on the sea. 

Artificial magnets are generally either long straight 
bars, called bar magnets ; thin, broad in the middle, 
and tapering to a point at the end, and called magnetic 
needles; or bars bent into the form of a horse-shoe, 
and called horse-shoe magnets. 
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Bar magnets are always arranged in pairs, with the 
north pole of one opposite to the south pole of the other, 
and these are connected by pieces of soft iron, called 
armatures or keepers, because their inductive action on 
the bars enables them to retain their magnetism for 
any length of time. The horse-shoe magnets also have 
keepers which join their noi*th and south poles ; the 
needles are generally suspended on a pivot or axis at 
their centre, and require no keepers, as they, being free 
to move, are kept in the magnetic meridian, and retain 
their magnetism by the inductive action of the earth. 

As it is found impossible to suspend a needle so that 
it can move freely vertically and horizontally at the 
same time ; so those free to move horizontally are used 
to determine the magnetic meridian, and the angle it 
makes with the true meridian ; whilst those suspended 
with power to move freely vertically are used to de- 
termine what is termed the dip, or inclination. 

Kb matter what be the shape of the magnet, it is 
found that its power to attract pieces of iroii^ c^t l<5k 
act inductively on other magivfeta, ^o^% TiSiX. ^'b'sAfe 
equally in all parts, but at two "^om^,^ T^ta^x ^Oaa ^s^^Sis.. 
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This may be easily seen by placing a magnet on iron 
filings, when, on raising it, the two ends will be found 
thickly covered with the filings, whilst the middle will, 
be quite free from them. Or if a small piece of soft 
iron be suspended from a string, and the middle of a 
magnet brought near to it, no attraction will take 
place ; but on bringing either of the ends near to it, 
the piece of iron will be immediately attracted; and, if 
the magnet be a powerful one, this attraction will take 
place even when the magnet is at a considerable dis- 
tance. That end of the magnet which, when it is sus- 
pended so as to be free to move horizontally in any 
direction, alway^s points to the north is called the 
north pole, and that which points to the south, the 
south pole ; the middle of the magnet, where no appa- 
rent action takes place, being called the magnetic 
equator. 

The two poles of a magnet act alike in attracting 
pieces of soft iron ; but they are unlike in the direction 
in which they point, and also in their action on other 
magnets. If the north pole of one magnet be brought 
near the north pole of another magnet it will repel it ; 
but if near the §outh pole, it will attract it more power- 
fully than if it were soft iron. Similarly, a south pole 
will repel another south pole, and attract the north ; so 
that in all cases like poles repel each other, and unlike 
attract ; and whilst one pole always points to the north, 
the other as steadily and constantly points to the south. 
If a magnet of any kind be broken, no matter into 
how many pieces, eaci piece will be a perfect magnet, 
having a north and south pole, with a neutral line in 
the middle. It is evident, then, that whatever change 
takes place in a piece of steel when it is made a magnet, 
that change is molecular, and that each separate mole- 
cule, if it could be separated from the surrounding ones, 
would itself be a perfect magnet. Now, as it has been 
stated previously, a molecule is the smallest quantity 
of matter capable of a separate existence ; and there- 
fore, no matter how small the fragments into which 
j^ou break a magnet, each part, in ^TO^T\AsyQ. Vi \^ 
/size, will retain the force of its ma^'b^soi* ^q ^^-^ 
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this practically, take a piece of steel-wire and magnetise 
it ; place at the end of its north pole a piece of coloured 
paper to distinguish it, and then break it in two. On 
then bringing the two pieces to another small magnet, 
it will be found that the broken end connected with 
the north pole will be a south pole, and that connected 
with the south polo will be a north pole ; and, if either 
of the halves be again broken, the same result will 
follow as long as any part of the needle is large enough 
to be broken. 

Theories of Magnetism. — To explain the phenomena 
of magnetism two theories have been held. 

First, that the molecules of all magnetic bodies are 
surrounded by a compound fluid of a highly rarefied 
kind ; this compound fluid being itself composed of 
two fluids, named sometimes austral and boreal, and 
sometimes positive and negative, which are self-repel- 
lent, but which attract the opposite kind, and when 
united neutralize each other's action. When bodies 
are in their natural state, those fluids being neutralised 
by their union, give no sign of their existence; but 
when by any means they are separated, they are 
arranged on opposite sides of the molecules, all the 
austral fluid being on one side, and all the boreal on 
another. The power by which this separation of the 
two fluids is resisted by any body, or by which, when 
they are once separated, their reunion is prevented, is 
termed coercive force. This force has no sensible 
existence in soft iron, so that no sooner is a magnet 
brought near it than the two fluids are separated, and 
it assumes magnetic properties; whilst hard steel 
possesses it to such an extent that it requires some 
time before the fluids are separated, and when they are 
once separated they remain in that condition, so as to 
form permanent magnets. 

The action of a magnet as a whole, then, according 
to this view, arises from the united action of its 
separate molecules ; and the two points of the magnet 
which are the resultants of all the^aei iotc^^ ^t^ ^v^'^i 
poles; whilst the middle of the ma^ek\., ^\i«t^ *OciR»»^ 
brces are equal on each side, ioxm-a AJcia ^^w^f^^^^"^' 
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or neutral line. The reason why the north or south 
poles of a magnet attract a piece of soft iron, on 
this theory, is, that it first acts inductively ujwn 
it, separating the fluids which surround its mole- 
cules, attracting all that are unlike itself to its own 
side, and repelling those like itself to the opposite 
side ; and that then these opposite fluids, being nearer 
each other than those of the same kind, attract each 
other with a force greater than those of the same kind 
repel each other ; and, consequently, attraction is the 

fN|S|N|S|N|S|N|8| 
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result. It is clear, then, according to this view, that 
the real force by which the magnet draws a piece of 
soft iron towards it, and by which it retains it w^hen 
in contact, is the difference between its attraction for 
the fluid nearest and its repulsion for that further 
distant. But the greater the distance of the magnet 
from the piece of soft iron, and the less difference there 
will bo between this attraction and repulsion ; so that, 
if the magnet be at a great distance as compared with 
the size of the body acted upon, the two forces become 
so nearly equal that the difterenco cannot be detected. 
This is especially the case with the action of the earth 
on magnets ; for so great is the distance of the poles of 
the earth from a magnet, compared with its size, that 
it is practically as far from one pole as the other, and 
therefore attracts one with no greater force than it 
repels the other; but, as both the attractive and 
repulsive force tend to direct the magnet, or place it 
in the magnetic meridian, so the earth's action on 
magnets is simply directive, and not attractive. To 
illustrate this, place some small magnetic needles on 
pieces of cork, and allow them to float on a vessel full 
of water, when it will be seen that they will all 
arrange themselves in the magnetic meridian, but 
will manifest no tendency to "niO"ve> Va oraa ^T^si^\au 
more than in another. 
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A second theory, however, first proponnded by Am- 
pere, and now generally received, avoids the necessity 
for two fluids, by supposing that a simple fluid is 
always circulating round the molecules of bodies ; that 
when bodies are in their natural state they run in all 
directions, and hence neutralise each other's action ; 
but that in magnets, and other bodies under their in- 
fluence, these currents are all made to run in one 
direction ; and the resultant of all these small mole- 
cular currents is the same as if one current circulated 
entirely round the magnet, or round the body brought 
within its inductive action. Coercive force is, according 
to this view, the force which resists any alteration in 
these currents ; so that, in a piece of soft iron, as it 
offers no resistance to the action of a magnet, they are 
at once made to run in the same direction as those of 
the magnet brought near it ; whilst hard steel requires, 
in proportion to its hardness, a greater force to make 
these currents all move in one direction; but that 
when this takes place they continue to do so perma- 
nently when the influence of the magnet is withdrawn. 
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Currents moving in the same direction attract each 
other, and in opposite directions repel, so that all the 
laws of rcpidsion, attraction, &c., are explained by this 
theory as satisfactorily as by that of two fluids ; and 
as this also seems to connect itself more closely with 
the phenomena of heat, light, and electricity, it is the 
one pretty generally received. 

According to this theory, currents arc constantly 
circulating round magnets, which, on looking at the 
end of the magnet pointing northward, appear to move 
from right to left, or in a direction contrary to the 
hands of a watch ; whilst on looking at the end point- 
ing south, they appear to move iioia\Qii\, \q> tv^\.^ ^-^S:^ 
the same direction as tho hands oi Sk. ^^\,^. QiTL\ycvs^'?r 
j'ng then the north and south. -poYe^ oi \r?;o xa.^'^cvs^s. 
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near each other, from whichever end you look the 
currents will appear to move in the same direction, 
and consequently they will attract each other ; but on 
bringing two north or two south poles together, these 
currents will be in opposite directions, and will conse- 
quently repel each other. According to this view, 
currents are constantly circulating round the earth in 
a direction from east to west ; and, as this is the way 
the sun appears to revolve round the earth, this theory 
still further connects the phenomena of magnetism 
with those of light and heat. The northern pole of 
the earth acts, therefore, as the south pole of a magnet, 
and its south as a north pole. In England we call that 
the north pole of a magnet which points northwards, 
and the one pointing south a south pole ; but, as unlike 
poles attract, it is evident that the magnetism of the 
earth at its north pole must be difterent from the end 
of a magnet pointing in that direction. Hence, talking 
the earth as a standard, and calling the magnetism at 
its north pole boreal, and that at its south pole austral, 
the French term the end we call the north the avstral 
pole, and the one we call the south pole they call the 
horeaL 

Questions on Chapter XX. 

1. Where did the science of magnetism originate ? 

2. What is the natural magnet composed of? 

3. What was it called hy the Chinese, and when did it come into 
use in Europe? 

4. Explain the different kinds of artificial magnets. 

5. Where is the principal power of a magnet? Where docs it 
exercise no power ? 

6. In what are the two ends of a magnet alike ? and in what do 
they differ? 

7. What is the result of breaking a magnet into two or more 
pieces ? 

8. Explain the theory of magnetic fluids. 

9. What is meant by coercive force ? 

10. Explain Ampere's theory of magnetic currents. When do 
thc30 currents attract^ and when repel each other? 
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CHAPTEE XXI. 

Terrestrial Magnetism. North and South Poles. Inclination. De- 
clination. Intensity. Mariner's Compass. Actionof Iron Ships on 
Compass. Diamagnetism : its Connection with other Sciences, &c. 

There are many reasons for considering the earth to 
act as a large magnet, and nearly the whole science of 
magnetism depends upon that assumption. The sim- 
plest and most convincing reasons, however, for con- 
cluding that the earth itself is a magnet are, first, that 
in all important respects the action of the earth upon 
other magnets resembles that of a large magnet upon 
smaller ones brought near it. If a small dipping 
needle be placed over the centre of a long bar magnet 
it will stand perfectly horizontal ; and if it be then 




MAGNETIC BAH. 



gradually taken towards either end it will begin to 
dip more and more, till, when it comes over either pole, 
it will be quite vertical. The place in the middle of 
the bar, where the needle was perfectly horizontal, is 
called the equator; and the two ends where it was 
vertical, the poles. In these respects, the earth acts 
towards other magnets just in the same way. There 
is, near the geographical equator, but not coinciding 
with it, a line extending round the earth, where a 
dipping needle will be perfectly horizontal, and as the 
needle is moved away, north or south, from this line, 
it dips more and more, till at last in latitude 70° N., 
and longitude 96° 45' W., in Boothia Felix, it stands 
vertical; and this is, therefore, the north magnetic 
pole. Another similar pole is supposed to exist, 
though it has not actually been visited, south of 
Australia, in latitude 75° 30', and longitude 154° E. 
Secondly, that not only does the eaT^So. «u^\. ^^ ^ \^x^ 
magnet on other magnets, \)ut \t vvVao «^\» %vce^«?^ 
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■upon magnetic bodies, inducing magnetism iu those 
exposed to its action, just as if they were exposed to 
the action of any other natural or artificial • magnet, 
producing this effect at once upon soft iron, but acting 
more slowly and permanently upon hard iron and 
steel. Thus, if a long bar of soft iron be placed in the 
direction of a dipping needle in the magnetic meridian 
it will at once be converted into a magnet; the end 
dipping downwards in the northern hemisphere be- 
coming a north, or austral, pole, and the one upwards 
a south, or boreal, pole ; and on removing it from its 
position it at once loses its magnetism ; and if it be 
reversed in position the poles are equally reversed. 
If, however, a bar of steel be similarly placed, it will 
take some time before it become a magnet ; and if two 
equal steel bars are so placed, and then connected with 
armatures, the magnetism thus imparted to them will 
be permanent. It is this action of the earth that has 
imparted permanent magnetism to the loadstone, and. 
which frequently also imparts magnetism to tools and 
iron instruments of all kinds accidentally placed in the 
magnetic meridian. 

It is only recently that the magnetism of the earth 
has been carefully studied ; and this has been done by 
systematically determining at various points on its 
surface what are termed the magnetic elements, viz.. 
Dip, Declination, and Intensity; and also carefully 
ascertaining any changes which take place in them, 
whether those changes be daily, yearly, or of longei' 
periods. 

Dip, or Inclination, is the angle which a dipping 
needle makes with the horizon. 

The magnetic equator is a great circle passing round 
the earth, and crossing the geographical equator at two 
points, at an angle of about 12°. It coincides pretty 
accurately with the lino of greatest heat; and what 
are termed Isoclinic lines, which connect together all 
places where the dip is equal, run round the. earth, 
nearly, but not quite, parallel with the isothermal 
lines, or linea of equal temper atvM:^. Tlwi di^ increases 
in going northward or sout\r^'aTc^ ixQ»TDCL \}cl^ \aswsga.^*C\sji 
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meridian, and in most places in the northern hemi- 
sphere the dip is now decreasing steadily from 2' to 3' 
annually. It is now about 67° in London, and has 
been decreasing ever since 1680, when it was first 
accurately determined. 

Declination is the angle which the magnetic me- 
ridian makes with the geographical meridian. All 
places where the magnetic meridian and the geographi- 
cal meridian coincide, or when a magnetic needle, free 
to move horizontally, points exactly north and south, 
are joined together by what are termed agonic lines, 
of which there are two, an eastern and western. The 
eastern passes through Australia, the Indian Ocean, 
and the Caspian and White Seas; and the western 
passes through Brazil, the West Indies, and the Ameri- 
can lakes to Boothia Felix. Besides these two, which 
are called the large agones, there is a smaller one on 
the east of Asia, which forms a kind of oval, and 
which is probably due to some local cause. These 
agonic lines do not remain permanently in the same 
place, and the causes which regulate their motion are 
entirely unknown. In the year 1660 the magnetic 
meridian coincided with the geographical one in Lon- 
don, and then went eastward till 1818, when the 
declination in London was nearly 24° 30' W. ; since 
then it has slowly returned westward, so that the 
declination in London is still decreasing, and is now 
only a little more than 20°; and should it continue to 
move westward at the same rate as it moved eastward 
from 1660 to 1818, it will coincide with the meridian 
of London again in the year 1976. Besides this secular 
variation, the declination of the needle is subject to 
annual variations, depending upon the seasons, and 
also to diurnal variations, both of which appear to 
arise from change of temperature. 

The northern end of the needle in our hemisphere 
turns more to the west during the early part, and 
towards the east in the latter part of the day. It is 
probable that the diurnal and annual varl^tYOvss* <^^ 
declination are hoth owing to cTdan^es oi \.evxv^x^\?ax^ 
in the atmoapbeie; those portious -wliiOa. ^x^ ts^qs^ 
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heated having less magnetic power than those which 
are cooler, just as a magnet at all times loses a portion 
of its magnetism when its temperature is increased, 
and gains it again when it cools. There is, in fact, 
such an intimate connection in the case of the earth 
between its temperature and its magnetism, that most 
scientific men believe that they are only different 
developments of the same cause ; for as the magnetic 
equator coincides nearly with the zone of greatest 
temperature, so the magnetic poles, and points of 
greatest magnetic intensity, coincide very nearly with 
those parts of the earth where the temperature is the 
lowest, or those places which have sometimes been 
called the poles of greatest cold. 

Intensity. — By this is meant the force of the earth's 
magnetism at any place, and it can be determined in 
the same way as the force of gravitation ; for as when 
a pendulum is drawn aside from under its point of sus- 
pension it is brought back with a velocity propor- 
tionate to the force of gravity, so when a magnetic 
needle is drawn from the magnetic meridian it returns 
with a velocity proportionate to the magnetic intensity. 
The force of gravity is always proportionate to the 
square of the number of oscillations of a pendulum in 
any given time, and the magnetic intensity is also 
always proportionate to the square of the number of 
vibrations of a magnetic needle in any given time ; so 
that if in one place a magnetic needle makes 10 vibra- 
tions in a minute, and in another 11, the intensity of 
the earth's magnetism at those two places will be as 
100 is to 121. It is evident that as the longer the 
pendulum the slower are its oscillations, so the larger 
the magnetic needle and the slower will be its vibra- 
tions. It is, however, difficult to obtain the exact 
number of oscillations of a dipping needle, and it is 
on this alone that the total force of the earth's mag- 
netism can be exerted. It is, therefore, generally ob- 
tained from a declination or horizontal needle on which 
onlj a part of the earth's force is exerted; but as the 
dipping needle is horizontal at thfe Tc^a^^etiG equator, 
there the vibrations of a diippxx^ ^afe^^^ a\A ^ ^<^- 
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nation needle are exactly equal, and represent the 
total force of the earth's magnetism. When the hori- 
zontal needle is moved away from the magnetic 
meridian the total intensity is obtained in all positions 
by dividing the square of the number of vibrations 
by the cosine of the angle of dip; and as this cosine is 
unity at the magnetic equator, and goes on decreasing 
with the dip, it follows that the total intensity is 
always greater than the horizontal intensity, except- 
ing at the magnetic equator, where they are equal. 
The total intensity of the earth's magnetism is least 
at or near the magnetic equator, and increases gene- 
rally with the latitude ; so that it is less at Calcutta 
than at Naples, less at Naples than in Paris, less in 
Paris than St. Petersburg, and less at St. Petersburg 
than at Spitzbergen. 

All places on the earth's surface where the magnetic 
intensity is equal are joined together by lines called 
IsodynamiCj or lines of equal force. These are more or 
less parallel with the magnetic equator, and lines of 
equal dip, but do not exactly coincide with the latter, 
but do coincide pretty accurately with the isothermal 
lines, or lines of equal heat ; thus showing a very close 
connection between temperature and magnetic force, the 
one decreasing aa the other increases. The points of 
greatest magnetic intensity do not, however, coincide, as 
might have been expected, with the magnetic poles; 
neither is this intensity equal in the two hemispheres, 
but is greater in the northern and western than in the 
southern and eastern. Two points of greatest intensity 
exisfc in the northern hemisphere ; one in America west 
of Hudson's Bay, and another in Siberia. Though the 
total intensity thus increases generally with the dip, 
the vibrations of a horizontal needle are quickest at 
the magnetic equator, and decrease with the dip ; hence 
a horizontal needle will vibrate quicker at Calcutta 
than at Naples, quicker in Naples than Paris, and in 
Paris than St. Petersburg, &c. 

The Mariner's Compass, so called from ita ^o;^^ \^^ 
to guide vessela on the sea, consifil^ ol «* ^ccl^-^^^s^^ 
needle balanced on a pivot, and fee^ \.o T£LON^Var>ai3^- 
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tally iu every direction. It was used in Earope u 
early us 1180, but the first well-estaliliahod account 
of its uao in guiding vessels was in the voyage of Marco 
Polo from the East Indies to Europe in the year 1260. 
It was not till the voyage of Columbus in 1492 that 
the declination of the needle was discovered, as up to 
that time it had been supposed always to point exactly ' 
north and south. Since that timo many importEUtt 
discoveries and improvements have been made in it, 
and, as now used, instead of a simple needle the com- 
pass generally consists of two, placed parallel at a dis- 
tance of 30° on each aide of the north and south lines; 
or of four, two placed at a distance of 15°, and two at 
a distance of 45°, so as to have a mean distance of 30°. 
By thus having a compound instead of a simple needle 
it is found that several sources of error are avoided. 
This needle, whether simple or compound, is attached 
to a card, on which are marked the points of the com- 
pass ; and this card is so balanced that it always re- 
luaius horizontal, whatever be the motion of the ship. 




Ho long as vessels wexa VinlA Oca^-j tS -wwii, the 
compasB, properly cOTistrvic\:64, aVwOiia ^iiq"«^ tosM^i 
fl«n>.rnfely the direction r.f t\>o ve8Sft\-,\™.t CT«o.'a«sii,»a 
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a certain portion of iron was used in the vessel's con- 
struction, ajid as this iron was frequently by its position 
rendered magnetic by the inductive action of the 
earth, it caused frequently variations in the compass 
of as much as 2° or 3° more than the deviation due to 
the geographical position of the ship. The true reason 
for these variations, which had previously been con- 
sidered due to the faulty construction of the compass, 
was first discovered by Captain Flinders in his voyage 
to Australia in the year 1801, and he discovered a 
remedy for this by placing pieces of iron above the 
compass in such a position as to counteract the effects 
of the bolts, &c., used in building the vessel, which were, ^ 
of course, chiefly below it. But in iron ships so great 
is the action of "the material of which the ship is built 
that in some cases it causes errors in the compass 
of 50° or 60° ; and, in fact, unless some remedy could 
be provided for this kind of error, the compass would 
be practically useless. 

It has been previously stated that soft iron, by 
the inductive action either of the earth, or of another 
magnet, becomes magnetic, but loses its magnetism 
at once when the inducing agent is withdrawn; 
whilst, on the contrary, pieces of hard steel are a 
long time before they become magnetic, and when 
once they become so they retain their magnetism 
permanently. But by hammering, or in any way 
causing the particles of either soft iron or hard 
steel to vibrate, they are partly moved from their 
natural position, so that the hard steel becomes a 
magnet much more quickly, and the soft iron is also 
made to retain its magnetism much longer. In the 
building of iron ships not only is iron used of nearly 
every degree of hardness, so that some portions re^ 
semble soft iron, some hard steel, and others partake 
partly of the properties of both ; but the magnetism 
induced by the earth is very much increased by the 
hammering it undergoes during the time the vessel 
is being built, and also by the position in whiolbL tlx<^ 
ship 23 placed during that time, -wi^ t^^\Ivssx \Kk H^ 
magnetio meridian. But tli© TCiaga^\<\sQi ^Skoa \assi8' 



182 OUTLINES OF HAIUBAI. PEILOSOPHT. ' 

merf d into the vessel is the greatest part of it destroyed 
by t \e concTission of the waves, so that vessels whose 
compass has shown errors of 40° or 50° when' first 
built have heid those errors reduced to 5° or 6° during 
a single storm. On this account the means taken to 
balance the errors of the compass in new vessels have, 
when they have been speedily exposed to stormy 
weather, been worse than useless, and, in fact, have 
caused the destruction of the vessel. This was the 
case with a large vessel that left Liverpool with emi- 
grants in 1854, and which was wrecked and many 
lives lost within two days on the coast of Ireland, 
owing to the indications of the compass having been 
rendered from this cause entirely useless. So well is 
this now known that no confidence is placed in the 
indications of the compass in new iron vessels placed 
in the ordinary position, it being simply used to 
give direction to the steersman ; whilst .a compass 
placed at the mast-head, where it is comparatively 
iree from the action of the material of which the vessel 
is built, is depended upon for giving the true course 
of the vessel. 

Dia-magnetism. — Even as late as 1845 bodies were all 
classed as magnetic or non-magnetic. All forms of iron 
and steel, and most of their ores, were the principal 
magnetic bodies, and of these only hard steel or cast 
iron were capable of being made permanent magnets. 
Cobalt, nickel, chromium, and manganese were known 
to possess magnetic properties, though the latter only 
in a veiy feeble degree. It is well known that if a 
magnetic body, longer in one direction than another, 
be placed between the poles of a magnet it will 
arrange itself so that the direction of its greatest 
length will be in a line joining the two poles of the 
magnet. It will, in fact, be made into a magnet for 
the time ; the end near the north pole of the magnet 
being a south pole, and the other a north ; and thus 
the two ends will each be attracted and drawn as near 
as possible to the poles of the magnet. Faraday, 
howeveTy discovered that &oixie» \io^%^ — ^^&^<^\3b^!c3 bia- 
zautb and antimony — ^wl^xen "9\a.QQSL «vxpS^^2^ \i^jsR^Ka. 



the poles of a magnet, arranged themselves in a direc- 
tion entirely opposite to the direction of magnetic 
bodies; their line of greatest length being at right 
angles to a line joining the poles of the magnet. 
Instead of being attracted, they were, in fact, repelled 
by both poles of the magnet. This discovery showed 
that the science of magnetism, instead of being con- 
fined to a few of the so-called magnetic bodies, really 
included almost all substances in its operations. By 
using powerful batteries he very much enlarged the 
number of the magnetic bodies, proving that many 
other metals besides those usually reckoned magnetic 
really possessed magnetic properties, and that this 
property was also possessed by several gases, especially 
oxygen. He also proved that those not attracted by 
a magnet, and therefore reckoned non-magnetic, were 
nearly all really repelled by it, and, consequently, 
instead of being unaffected thereby, as had previously 
been supposed, were really influenced by it, though 
in a manner entirely opposite to that of magnetic 
bodies. The most powerful dia-magnetic bodies are bis- 
muth, antimony, phosphorus, zinc, and tin, but nearly 
all animal and vegetable substances are really dia- 
magnetic ; so that if a tree, or a man, were freely sus- 
pended between the poles of a sufficiently powerful 
battery they would be placed equatorially, or, like bis- 
muth, in a direction at right angles to a line joining 
the poles of the battery. Thus dia-magnetism seems to 
be opposed to magnetism, as heat is to cold ; so that 
generally bodies, as they are raised in temperature, 
become more diormagneticy whilst magnetic bodies be 
come less so; and it seems possible that, were the 
reduction of temperature sufficiently great, most bodies 
would become magnetic; whilst, on the contrary, it 
might be possible to raise the temperature of most 
magnetic bodies, so that they would manifest dia-mag- 
netic properties. 

Bodies may be magnetic, or dia-mxigneiic, too, accord- 
ing to the medium in which they are placed ; for just 
as tinder the influence of gravitation ^ ^qtcNl^*^^^^ 
in water becauBQ the water is tdlOT^ ^K\fe^ 'V3;:^"Vi^V3 
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• 

gravity than itself, whilst it will sink to the ground 
in air because the action of gravity is greater on the 
cork than on the air ; so if a body bo placed between 
the poles of a powerful battery in a medium- more 
magnetic than itself it will appear to be repelled by 
the magnet and act as a dia-magnetic body, whilst if 
placed in a medium less magnetic than itself it will 
be attracted and arrange itself with its longest dia- 
meter in a line with that joining the poles. Air is 
magnetic, owing to the oxygen contained in it, whilst 
water is dia-magnetic; and gold, or arsenic, which 
appear dia-magnetic in air and set equatorially between 
the poles of a magnet, if placed between the poles of a 
battery in water will appear to be magnetic. Glass, 
also, which in air appears sometimes magnetic and 
sometimes dia-magnetic, will set axially like iron in 
pure water, but in water containing a solution of iron 
will set equatorially and act in every respect like a 
dia-magnetic body. 

Questions on Chafteb X^L 

1. Give the principal reasons for considering the earth as a large 
magnet. 

2. Where are the magnetic poles? 

3. What are the magnetic elements? 

4. Define dip, declination, and intensity. Where does a dipping 
needle appear horizontal? 

5. Where are the lines called eastern and western agones ? Did 
one ever pass through London ? 

6. How is the magnetic intensity of the earth at any place deter- 
mined ? 

7. Where is ihe total intensity least ? 

8. Give an account of the mariner's compass, 

9. Explain the action of iron ships on the mariner's compass. 
10. Mention the discoveries of Faraday in connection with dia^ 

magnetism. 



raiOTlONAL ELECTRICITY. 135 



CHAPTER XXII. 

Prictional Electricity : Historical Account of Principal Discoveries 
therein. Modes of Generating Electricity. Electrical Machines, 
Leyden Jar, and Explanation of their Action. 

The word electricity is derived from the Greek electron, 
which means amber, as Thales, nearly 2,600 years ago, 
discovered that by rubbing amber with silk or wool 
it became capable of attracting light bodies. This 
was nearly all that was known respecting it till the 
end of the sixteenth century, when Dr. Gilbert of 
Colchester, who was physician to Queen Elizabeth, pub- 
lished a work on Magnetism and Electricity, in which 
he showed that this property was not confined to 
amber, but was possessed also by sulphur, wax, glass, 
and many other substances. The first electrical machine 
was made of sulphur, in 1672, and the first glass 
machine was not made till 1709. About 1740, Dufay 
discovered that substances, such as sulphur and glass, 
capable of being excited by friction, were also non- 
conductors of electricity when excited in them, whilst 
others, like the metals that could not be electrified, 
were capable of conducting it from one body to another. 
In 1746 a gentleman named Muschenbrock, famous 
for his scientific attainments, residing at Leyden, was 
electrifying some water in a glass vessel. To do this 
he put a nail through the cork of the bottle, to which 
was attached a chain to connect it with the water. 
Holding the bottle in his right hand, ho held the nail 
towards the machine, so that the electricity from the 
machine might pass to the water ; and when the water 
was thus charged he, with his left hand, took hold of 
the nail to remove the cork from the bottle, when 
he received a shock from the electricity passing 
through his body, that, in writing to K^aumur in Paris, 
he declared he would not experience again for the 
whole kingdom of France. The experiment, however.^ 
was repeated again in many paxta ol "^"vxtor^^^ v^^S^Xs^ 
Franklin in America, wbio fiist ga.NO ^ ^<^^"^ ^-x^^^i^^"* 
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tion of the shock thtis experienced. In the year 1752, 
Franklin himself proved that the electricity of the 
clouds was in every respect similar in kind to that 
generated by an ordinary electric machine. He had 
been convinced himself that this was the case for some 
time, and had commnnicated his ideas to a gentleman 
in Paris, and also to the Eoyal Society of London, and 
was waiting for the building of a church with a 
high spire, in order to demonstrate it practically, when 
the ingenious idea occurred to him of elevating a kite 
during the passing of a thunder-cloud; and this ex- 
periment was entirely successful, so that he obtained 
sparks from the passing cloud similar to those obtained 
from an electrical machine. Carrying out the same 
idea a few years later, in 1760, he made the first 
lightning conductor, and proved that by means of these 
conductors buildings might be protected from the 
destructive effects of lightning. 

Since that time many important discoveries have 
been made, and Professors Oersted, Ampere, and 
Faraday have almost demonstrated that electricity 
and magnetism are really but different manifestations 
of the same cause, and that the difference between 
conductors and non-conductors of the electric fluid are 
similar to the differences between soft iron and hard 
steel in their retention of the magnetic force. 

Electrical machines. — The simplest and earliest mode 
of exciting electricity was by rubbing bodies, called 
electrics, with silk or woollen cloths held in the hand, 
and the earliest electrical machines were formed of 
balls of sulphur or glass, rubbed by silk or woollen 
cloths so held. Subsequently, however, it was found 
i'ar easier and better to have the friction between the 
glass and the rubber produced by turning the glass by 
a handle, and causing it to press against the rubber as 
it revolved. An electrical machine for generating 
large quantities of electricity consists of the following 
parts: — 

1st. The rubber, which is generally a cushion stuffed 
with hair or wool, and coveT©3L'm\k\eaA3afcT,«Qjiwhen 
used coated with an amalgam oi zmic, Vm, «iATS3L^T5sva?j^ 
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mixed into a paste with lard. This rubber is placed 
on an inaalatmg stand, and made to presB against the 




body of the machine by epringa, so that ita preeaure 
can be increased or decreased at pleaaure. 

2nd. The body of the machine, on the snrfa^io of 
which the electricity is to be generated by the friction 
of the rubber. This is made now generally of glafis or 
ebonite, and may be either a cylinder or a plate ; the 
first is the most convenient, and for ita size the mora 
powerful of the two ; but as it is difficult to procure 
very large cylinders, when very great power is re- 
quired plate machines are generally used. Those 
made of ebonite, in proportion to their size, are much 
more powerful than those made of glass, and aa they 
are much less liable to attract moistnre, they are much 
more certain in their action, and will probably in time 
entirely supersede those mado of glass. 

3rd. The conductor, which is always itself insu- 
lated, so as to prevent the electricity generated escaping, 
and so arranged that it can be put in communication 
with any body in which the electricity generated is to 
be confined for the purpose of experiment. The con- 
ductor immediately adjoining the machine is generally 
called the prime conductor, and it is furnished with 
teeth very near the body of the majclm^e ■^\is«^ "Co.^ 
eJectrioity ia generate ; these te«tiaeifi&B?,w»wj"o«-'^^ 
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points for the ready passage of electricity between the 
prime conductor and the machine. 

The Leyden Jar. — ^When a quantity of electricity is 
required for experiment, one or more Leyden jars are 
usually placed in connection with the prime conductor 
of the machine. The discovery of the Leyden jar, as 
has been previously mentioned, was accidental, and as 
usually made, they consist of wide-mouthed glass jars, 
coated inside and outside to within two or three inches 
of the top with tinfoil. Instead of an ordinary cork, 
a cover of well-dried mahogany is fitted into the 
mouth of the jar, through which a copper rod passes, 
terminating in a knob an inch or two above the cover, 
and having at the end inside a piece of brass chain 

which reaches to the 
bottom of the jar. 
A number of these 
jars placed together 
in a wooden box 
lined with tinfoil, 
and having these 
knobs joined by 

LETDEN JAB. •* . j» '' 

copper wire, forms 
an electrical battery, the power of which is proportionate 
to the size and number of the jars. 

Explanation of the action of the machine and Leyden 
Jars. — The electricity of the machine is exactly the same 
as that generated by rubbing a glass rod with a piece 
of silk or wool. The friction between the rubber and 
the body of the machine decomposes the electricity of 
the two, and positive is developed on the glass and 
negative on the rubber. If the rubber and the glass 
were both insulated, a few turns of the machine would 
charge them thus with opposite kinds of electricity, 
and no more would be produced, however long the 
machine was worked. "When a quantity of electricity 
is therefore required, the rubber is connected by a 
brass chain with the ground, and the negative elec- 
tricity formed on it passes at once to the earth, or 
positive passes to it from tlaa eax^^i, ^o \k^\. \fc xomains 
thus in ita natural conditioii. Tl^'a ^q^\\a:^^ ^^»\jctfs^^ 
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of tlie glass acts inductively on the prime conductor, 
attracting from its. points the negative electricity, and 
leaving the conductor charged with positive. When, 
then, the knob of a Leyden jar is brought near the 
part of the prime conductor most distant £rom the 
body of the machine, the positive electricity of the 
conductor attracts the negative from the inside of the 
jar, and leaves it charged with positive. This positive 
then acts through the glass on the outer coating, 
attracting the negative and repelling the positive. If, 
however, the jar were insulated, the positive on the 
outside of the jar, though repelled, would have no 
means of escape ; hnt when this outer coating of the 
jar is held in the hand, or connected in any way with 
the ground, the positive escapes and the negative 
remains on^ the outside, attracted by the positive 
inside the jar. There is thus accumulated on the 
inner and outer coating of the jar a quantity of 
different kinds of electricity in a state of tension, and 
when these inner and outer coatings are connected by 
any good conductor they rush together with a force 
proportionate to the quantity accumulated. It was 
the sudden rushing together of these electricities 
through the body of Muschenbroek that gave him 
such a violent shock, and with a battery sufficiently 
powerful this shock is sufficient to kill many animals, 
and even men. 



CHAPTEE XXm. 

Elcmontary Facts connected with Frictional Electricity. Conductors 
and Non-Conductors. Distribution of Electricity. Induction 
Condensers, Electroscopes : Method of imparting Permanent 
Charge to, &c. 

Elementary facts connected with Frictional Electricity. — 
1st. Electeicity is op two kinds, and these two kinds 
agree toith and differ from, eadoL o\5cLet Ta».^ '"vs^ *^:is^ 
same way as tlie two poles oi a t£i^'^^^»» ^^ "^^ 
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magnet can exist without a north and south pole, so 
it is impossible to generate one kind of electricity 
without generating an equal quantity of the opposite 
kind ; and as a north or south pole will either of them 
equally attract pieces of soft iron, so a body charged 
with either kind of electricity will equally attract 
light bodies, such as bran, feathers, pith balls, &c. 
Again, as the north pole of a magnet will repel a north 
and attract a south, so two bodies charged with the 
same kind of electricity will repel each other, and 
those charged with opposite kinds will attract. As 
one kind of electricity was always found on glass, 
and the other on wax and resin, when the earliest 
discoveries respecting electricity were made, the one 
found on glass was called vitreous, and the other 
resinous. As, however, it is now well known that the 
electricity called resinous may be produced on glass by 
rubbing it with wool or far, whilst that called vitreous 
may be produced on wax, these terms are now gene- 
rally abandoned, the terms positive and negative being 
substituted for them. It is impossible to tell, in many 
cases of friction between bodies, which will be charged 
with j)ositive and which. vdth negative; but the fur 
of a black cat is the most positive, and next to furs, 
flannel, wool, and glass ; whilst the one always charged 
with negative is gun-cotton, and next to this is gutta- 
percha, caoutchouc, sulphur, resins, &c. ; whilst silk, 
cotton, metals, &c., are either charged wilii positive or 
negative according as they are rubbed with substances 
i'rom the latter or the former list. Grenerally, also, 
the harder,* smoother, and cooler of two substances is 
charged with positive, and the rougher or warmer 
with negative ; so that if a rough and a smooth piece 
of glass be rubbed together, the smooth will be charged 
with positive and the rough with negative. 

2nd. Conductors and non-conductors.— In the year 

1729, Grey and Wehler were the first to conduct a 

charge of electricity from one point to another, and to 

divide bodies, according as they could or could not 

(conduct electricity firom ono i^m\, \» «tiSi\Xv'wt, into 

oondnctora and uon-conduotAXB \ ^ii^ evs^^^^j^^^-^s^^ 
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Dufay showed that those bodies capable of manifesting 
signs of electricity, and which were called electrics, 
were also non-C9ndactors ; whilst those which could 
not be made to show any signs of electricity, and 
which were called non-electrics, were also condactors. 

If any insulated conductor be charged with electricity, 
and connected by a good conductor with another insu- 
lated conductor of the same size, the electricity from 
the first body will pass along the conductor to the 
second, and the electricity will spread equally over the 
sur&<;e of the two bodies ; but if they be joined by a 
non-conductor, no electricity will pass to the second 
body, and the first will retain the same as if it had not 
been touched. 

A body separated by a non-conductor from other 
conductors is said to be insulated, and therefore non- 
conductors are frequently called insulators. Though 
bodies are thus divided broadly into conductors and 
non-conductors, there is no conductor so good but some 
electricity is lost in passing through it, and no insulator 
is so perfect but that it allows a certain quantity of the 
electricity to escape by it. Bodies are, therefore, fre- 
quently divided into conductors, semi-conductor% and 
insulators. The best conductors are the metals, and of 
these metals, copper, silver, and gold, are the best; 
after the metals, charcoal ; then acids and saline solu- 
tions, sea and fresh water ; next to these come living 
animals and vegetables, which are conductors simply 
because of the amount of water they contain; and, 
lastly, steam and gases, which contain a large amount 
of vapour, and which, also, conduct electricity more 
freely the more they are rarefied. Amongst semi-con- 
ductors are linen, dry wood, paper, straw, alcohol, oil, 
chalk, and marble. . The best insulators are dry air and 
gases of all kinds free from moisture, ebonite, caoutchouc, 
gutta-percha, amber, sulphur, wool, hair, feathers, silk, 
and glass. It appears, therefore, that, amongst solid 
bodies, the best conductors of heat are the best con- 
ductors of electricity, and that the worst conductors o€ 
heat are also the best insulatoTc^ ol ^'^c^cs^sssJc^ % "«^s. 
articles of clothing, geiier^\y,\)rax^TiQii'^^"^^»K^^ 
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both, whilst linen, that conducts heat much more 
quickly than any other article of clothing, is also 
equally a conductor of electricity. 

A thorough knowledge of the different action of con- 
ducting and insulating substances will explain easily 
most of the arrangements necessary for conducting 
electrical experiments. It is evident that all bodies on 
which it is desired to accumulate a charge of electricity 
must be insulated by being supported by insulating 
substances, of which ebonite is the best, though glass is 
commonly used on account of being cheap and easily 
attainable. 

It also explains the necessity for keeping all the 
insulating parts of apparatus warm and dry, as any 
cx)llection of vapour on their surface will convert them 
into conductors, and thus allow the electricity to escape. 
Whenever electricity is required for experiment it is 
necessary that the operator should have the power of 
discharging it instantaneously, but this could not be 
done unless it were collected on an insulated conductor ; 
and this is the real reason why Leyden jars require to 
have their inner and outer surfaoes coated by tinfoil or 
some other good conductor, so that, when the knob and 
any part of the outer coating of the jar is touched by a 
good conductor, the whole of the two opposite elec- 
tricities rush together at once ; but, were the surfaces 
non-conducting, the electricities would only combine 
from the parts actually touched. Thus, in the case 
previously mentioned, when an insulated conductor, 
charged with electricity, is connected with another 
insulated conductor in its natural state, the electricity 
is equally diffused over the two bodies; but, if the 
charged body be a non-conductor, no such result follows, 
the electricity only passing from the part of the body 
actually in contact with the conductor. It also ex- 
plains why pith balls, or any other substance to which 
a charge of electricity is to be given, must be suspended 
hy threadB of silk or wax, whilst it is impossible to 
charge them when suspended \>y TCift\A!!^^>N\i^^>or even 

hy linen thread. ^^^ ^ _^ . _ 

3rd. Distribution of ElectncVfcs.—^^^^^^^^^Vj^ ^^^^ 



DISTRIBUTION OF ELEGTEIOITY. 143 

commtinicated to any conductor, spreads itself over the 
surface, and, unless in cases of extreme tension, does 
not penetrate at all into the substance of the body. 
This has been proved in various ways. If a hollow 
sphere, with openings in the side sufficiently large to 
admit a small piece'' of tinfoil, held by an insulating 
handle, be charged with electricity, and the tinfoil 
carefully placed inside, and then brought to an electro- 
scope, it will give no signs of electricity, though, if the 
same tinfoil touch the outside, and be taken to the 
electroscope, the leaves will immediately diverge. If a 
sphere, charged with electricity, be carefully covered 
by two hollow hemispheres, coated with tinfoil and 
famished with insulating handles, on removing the 
two hollow hemispheres it will be found that they have 
removed every trace of electricity from the sphere. 
Faraday, by connecting a conical-shaped muslin bag, 
like a butterfly net, with an insulated ring, found, 
when the bag was electrified, the electricity was always 
on the outside, and that, by turning the bag inside out, 
the electricity also changed, so as to be on the exterior 
surface. 

Electricity, also, appears to distribute itself on bodies 
as far from the centre as possible ; thus, in a sphere, 
every part of which is equally distant from the centre, 
it is distributed uniformly over its surface, but, in 
an ellipse, there is an accumulation at the two ends 
and less in the middle. In a circular disk the greatest 
quantity accumulates at the edges, and the least in the 
centre, and, on a square flat disk, the accumulation is 
greatest at the comers. It follows from this that, in a 
cube, there will be a double accumulation, and that, if 
any part be drawn out into a point, the accumulation 
of electricity will be greatest at that point, and, as its 
tendency to escape increases with the quantity accu- 
mulated, it will escape at these points more quickly 
than from any other part. In consequence of this, in 
ordinary staites of the atmosphere, if one or two rods 
terminating in sharp points \>o "jIVwiiwSL oti \5aa ^^c«as^ 
conductor of an electrical maclome, ^<5> ^^^\x\ss^5 
etsoapes aa qmokly as it is form.e4. \i o. xoftuX^ ^^g^a««^ 
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upon the prime conductor of a macliine, and two wires 
terminating in fine points be placed at the top, with 
freedom to rotate round the rod as an axis, if the ends 
of the wires be bent at right angles and all in one 
direction, on working the machine the electricity will 
escape so rapidly from the points that the reaction of 
the air will make the wires rotate rapidly in the 
opposite direction. These facts all -arise &om the 
self-repellant nature of the electric fluid, which causes 
it to spread itself out as far as possible till it be pre- 
vented from proceeding further by some non-conducting 
medium. It also follows, from the same principle, that 
its power to overcome the resistance of that medium 
and escape will be greatest where it accumulates in the 
greatest quantity. 

Induction. — If a body, A, charged with electricity, 
be brought near another body, B, in its natural state, 
it ^vill act by induction upon it ; and if the second body, 
B, be a conductor, on the surface of which electricity 
can move freely, the two fluids will be decomposed ; 
that which is similar to that of the charged body. A, 
being driven to the end farthest from it, and that of 
the same kind as that on A being driven to the opposite 
end. This action of A upon B is, in fact, very similar 
in every respect to the action of the pole of a magnet 
upon a piece of soft iron. K the body, B, had been a 
non-conductor, this inductive action could not have 
taken place, as the electricity could not have moved 
freely on its surface, and, therefore, their decomposition 
would have been impossible, and B, notwithstanding 
the proximity of A, would have remained in its natural 
state. 

If a metallic cylinder, two or three feet long, be 
insulated, and a ball, equally insulated and charged 
with positive electricity, be brought near one end, it 
will act by induction upon the cylinder; and if from 
the centre and each end of the cylinder pith balls be 
suspended by linen threads, those at the end nearest 
the haU will diverge with negative electricity, those 
at the end farthest from tTiio \>a\W\>i)cL ^«v!cCT^,^\v\i&t 
those in the middle will "be \maSftQ\/i<i. Oii x^-vsiwvsi'i^ 
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the ball the electricities that had been separated by 
the inductive action of tlie ball will again reunite, and 
the pith balls will fall together. If, however, whilst 
the ball remained near the cylinder, the opposite end 
had been touched by the hand, or in any way connected 
by a conductor with the ground, the positive electricity 
would have been driven away from the cylinder. If, 
then, it were first disconnected £rom the ground, and 
then the ball removed, the cylinder would remain 
charged with negative electricity, and all the pith 
balls, at each end as well as in the centre, would 
diverge with negative electricity. 

It is thus evident that a body. A, may charge a 
second body, B, with electricity by its inductive action 
without any electricity actually passing from A to B. 

If the body on which inductive action takes place be 
an imperfect conductor, and, consequently, offer oppo- 
sition to the reunion of the electricity separated by 
induction, this sudden reunion may materially affect 
the body on which the inductive action has been 
exerted. Thus, if. a man stand near the prime con- 
ductor of a powerful machine when strongly charged, 
it will repel the positive electricity from his body to 
the ground, but every time a spark jpasses from the 
prime conductor its inductive action will momentarily 
cease, and the positive electricity will rush again into 
his body, causing him to feel a sudden shock. In the 
case of a man or other animal thus acted upon by the 
inductive action of a cloud, this return to his body of 
the fluid when the cloud discharges its electricity is 
often so powerful as to be fia,tal, and constitutes what 
is termed the return shock. It was this inductive 
action on the body of a frog and its convulsions at 
each discharge of the prime conductor of a machine 
which, as w3l be more fully stated subsequently, led 
Galvani to the discovery of galvanism, or voltaic 
electricity. 

Condensers. — ^A condenser is an instrument designed 
to collect a large quantity of electricity upon a small 
space, and derives its name froia t\aft^tcy^^T\i"^^'-^^\» ^ssn. 
tjio same principle as w© Bpeajk ol co^A^vi^vas^ ^s^ 
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substance when we force a larger quantity into the 
same, or the same quantity into a smaller space. Its 
action depends entirely upon induction ; and no matter 
what are the forms, or modes of arrangement, a thorough 
knowledge of inductive action will render the action 
of condensers of every kind easily understood. A con- 
denser always consists of two conductors separated by 
a non-conductor. One of these conductors, called the 
collecting plate, is placed in connection with a source 
of electricity, and the other, called the condensii^ 

plate, is placed in connec- 
tion with the ground. The 
use of the condenser is 
always to condense a 
greater quantity of elec- 
tricity on the collecting 
plate than there is on the 
general surface of the 
source of electricity with 
which it is connected. 
The collecting and con- 
densing plates may he per- 
pendicular or horizontal, 
and they may be separated 
either by a thin film of air, 
a coating of varnish, or by thin glass. When the col • 
looting plate is connected with a feeble source of elec- 
tricity, the plates are usually separated only by air .or 
varnish, for the charge woidd be too feeble to act 
through plates of glass ; but when — as in the case of 
the Leyden jar, or the fidminating pane — the collecting 
plate is in connection with the prime conductor of a 
machine, then the condensing plate is usually separated 
from it either by glass or some other solid non-conducting 
substance, as otherwise the opposite electricities on the 
two plates would be likely to combine together. As the 
Leyden jar is perhaps the most important of the con- 
densers in use, a . description of its mode of action is 
^iven; and no matter how other condensers differ in 
form they all act precisely in. ^<& ^^-ma ^^-^ , A de- 
scription of the form, and. diaQOverj, o^ ^^\iRr3^^Ti.>!t 
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has been previously given ; also it has been stated that 
i t is most commonly charged from the prime conductor of 
an electrical machine, and that the action of the machine, 
when used in the ordinary way, is to attract the negative 
fromy and repel the positive to, the distant end of the 
prime conductor and also to any body connected with it. 
The use of the Leyden jars is to condense, on their 
inner and outer surfaces, a greater quantity of elec- 
tricity than there is on a similar space in the prime 
conductor itself; or otherwise most purposes might be 
answered . by simply enlarging the surface of the con-, 
ductor. In the Leyden jar, then, thus used, and con- 
sidered as a condenser, the prime conductor — or, rather, 
the machine — is the source of electricity, the inner 
coating of the jar the collecting, and the outer coat the 
condensing plate ; the glass itself, of which the jar is 
made, acting as the non-conducting substance between 
them. As soon as the machine commences its action 
a certain quantity of positive electricity passes into the 
interior of the jar, similar in amount to that on the 
prime conductor. This acts by induction through the 
glass on the external coating of the jar, attracting the 
negative, and repelling the positive to the ground. 
This negative on the outside acts again, by induction, 
on the inside of the jar, attracting more positive and 
repelling the negative, which passes by means of the 
prime conductor, to neutralise the positive on the 
machine. This additional quantity of positive on the 
inside acts again on the outside, repelling more positive 
to the ground, and attracting more negative to the outer 
coating, and this again expels more negative, and 
attracts more positive to the inner coating ; and so the 
action goes on, till the inducting action ceases, and then 
the jar is fully charged. The quantity of electricity in 
the jar greater than that in the prime conductor is 
called bound, or latent electricity, because it is held 
fast by that of the opposite kind on the exterior 
coating, and cannot escape even when a conductor is 
applied to it. That which it simi^ly ii;i"ax^'^^^=jSJCa> K^^ 
prime conductor, and which, is ii^^ to ^^^iar^^S&V^'^^^^ 
called free eleptricity. When a jax \^ dsi^x^^^'^^"^^^^'^'^^ 
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in the ordinary way there is always an excess of elec- 
tricity in the inside of the jar over what is on the 
outside, that on the outside being all bonnd, or latent, 
so that the jar may be handled by its outer coating 
without any spaA J^sing; but on^toudung the ImJ 
of the jar connected with the inner coating a small 
spark will pass, which arises from the escape of the free 
electricity from the inner surface of the jar. It is easy 
to understand from this how it is impossible to charge 
an insulated jar, as then there is no way for the positive 
electricity to escape from the exterior coating, nor any 
means of obtaining more negative from the earth. The 
ftdminatmg pane acts in every respect like the Leyden 
jar, only that it is flat, and held in the hand, instead of 
being roxm.d and being placed on the ground. 

Electroscopes are instruments for detecting the pre- 
sence of electricity, and may also be used for deter- 
mining the kind of electricity with which any body is 
charged. Whatever form these instruments possess, 
they all depend in their action on the principle that 
bodies charged with the same kind of electricity repel 
one another ; whilst those charged with opposite kinds 
attract. If two light pith balls be suspended together 
by silken threads, they will remain side by side till a 

body charged with 
electricity is brought 
near them, but then 
they will first each 
be attracted by the 
electrified body, and 
then, becoming 
charged with the 
same kind of elec- 
tricity, they will be 
repelled by the body, 
and will also repel 
each other, so that they will remain separate, in 
opposition to the action of gravity, which tends to 
bring them, together, till thay ^jcadually discharge 
their electricity into ttio ait. li^ "Wwe^^t, ^Cs^k^ \iiv 
suspendoi from any iusxiataSl eoxAvxfiXwt^^^^ ts^sx^Wj^ 
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suspended by linen threads, as then the electricity of 
the body will be communicated to them, and the dis- 
tance they are separated will show roughly the amount 
of electricity existing in the body from which they are 
suspended. 

Perhaps, however, as a simple and ever ready electro- 
scope, nothing is better, or easier to obtain, than a small 
quantity of bran, or sawdust ; for if a body be at all 
charged with electricity, and held over these, they will 
be alternately attracted and repelled by it, and will 
thus keep up a vigorous kind of dance between the 
table on which they are placed and the electrified body 
held over them. 

For more delicate experiments, however, and for 
testing the kind of electricity with which any body 
is charged, an electroscope of more careful con- 
struction, and protected from currents of air, should 
be used. This generally consists of a brass rod having 
a broad disk at the top and two strips of gold-leaf sus- 
pended from the bottom, which is properly insulated 
and suspended in a glass case. Before the cap is fixed 
into the glass its interior shoidd be thoroughly dried 
and filled with warm, dry air, and the mouth of the 
case hermetically sealed, so that there is no communi- 
cation between its interior and the outer air. When 
proper precautions are thus taken, there is no moisture 
in the interior to take away the electricity, and the 
leaves when permanently charged will remain di- 
verging, sometimes for hours. At the side of the glass 
case, and opposite the gold-leaves, are generally placed 
two strips of tinfoil connected with the ground, so that 
if th^ leaves diverge sufficiently to touch the sides of 
the jar, then electricity is discharged. To know 
whether a body is at all charged with electricity, it is 
only necessary either to touch the disk with it, or to 
bring it near it, for in both cases the leaves diverge, 
with the same kind of electricity aj that with which 
the body is charged. To determine the kind of elec- 
tricity, however, with which any body is charged it is 
necessary to first charge the electto^^icr^^ ^«aa2»CkKC^> 
which 18 done in the followmgN^a"y* ^\i^i ^ ^^fts^^'^ 
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with silk, and then bring the rod near the disk of the 
electroscope, but not touch it. It will separate the 
electricities of the electroscope by its inductive action, 
repelling the positive to the leaves, and attracting the 
negative to the rod and disk near it. Then touch the 
disk with the finger and the positive will be driven 
away to the ground. Eemove then first the finger and 
then the rod, when the negative electricity that had 
been held bound in the rod and disk of the electroscope 
will be set free, and spread itself to the leaves, and they 
will diverge permanently with negative electricity. 
Then bring the body of which yott wish to determine 
the kind of electricity it possesses near the disk of the 
electroscope, when, if it be charged with negative, the 
leaves will diverge more, but & it be charged with 
positive, it will, of course, act as the glass rod had pre- 
viously done and attract the negative from the leaves, 
so that they wiU fall together. The best and most 
delicate electroscopes have a second disk which acts as a 
condenser, so that a much feebler charge will make the 
leaves diverge than would do so without its presence. 

Questions on Chapters XXn. and XXUI. 

1. Give an historical account of the origin and principal dis- 
coveries in frictional electricity. 

2. State pari;icularly Franklin's discoveries, and give an account 
of his experiment. 

3. Describe the essential parts of an electrical machine. 

4. Describe the Leyden jar. 

5. What becomes of the negative electricity generated on the 
rubber? 

6. What kind of electricity is generally on the inner and what on 
the outer coating of the jar ? 

7. What are the two Tsmda of electricity? and how do they ac\ 
on each other ? 

8. Why have the terms resinous and vitreous been abandoned ? 

9. What substance is always charged with positive electricity? 

10. Mention the principal conductors and non-conductors of 
electricity. 

11. What is meant by a body being insulated ? 

12. How is electricity distributed on a cube ? 

13. Mention the ctction and xise of points. 

14. What ia meant by induction f 
J5, Describe the condenser, 

16. 'Wba^aie electroscopes? 
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CHAPTER XXIV. 

Aimospherio Electricity. Different kinds of Lightning. Thunder- 
bolt. Thunder : Cause of its Peculiar Sound. Lightning Con- 
ductors : Description of, and Mode of Action. Electrical State of 
Clouds, and their Manner of Formation. 

Atmospheric Electricity. — Thunder and lightning have 
inspired with awe and wonder alike the learned, and 
the ignorant and superstitious in all ages, and this was 
more especially the case when the causes producing 
them were entirely unknown. Even now, the rolling 
of the thunder and the lightning's flash will strike 
terror into the hearts of many, who would with the 
greatest coolness face much greater dangers. It was not 
till the discoveries of Franklin that it was established 
as a scientific fact that the electricity of the clouds that 
originated the thunder and lightning were similar in 
kind to the electricity originated by the electrical 
machine ; and one valuable life at least was sacrificed 
in repeating Franklin's experiment, whilst forgetting 
the immense force of a discharge from such a large 
area as an ordinary thunder-cloud. Thunder-clouds are 
formed of dark masses of-* vapour charged with elec- 
tricity, and, though charged -with the same kind of 
electricity, prevented from dispersing, from the mutual 
repulsion of the particles by the inductive action of the 
earth. Lightning differs in appearance entirely ao- 
cording to the circumstances under which it is formed. 
The denser the air and the greater opposition it offers 
to the path of the lightning; and just as a river is 
frequently caused to turn out of its straight path and 
form two channels, on account of an accumulation of 
mud, &c., which it has itself brought with its waters, 
80 the lightning in passing through the air condenses 
it in front, till its increased opposition causes the light- 
ning to diverge from its straight path. This kind of 
lightning is called forked lightning, and is really the 
moBt dangeroua, as it is always ioxTCifi.^ ^\^<et \s^ ^^* 
charge taking place between fhe o\o"vvi.^ ^tA "Oaa '^'«s?via.^ 
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or between donds very near the earth's surface. When, 
howerer, discharge ta^es place between clouds elevated 
considerably above the snr&ce of the earth and where, 
by reason of the rarity of the atmosphere, it offers but 
small resistance to the passage of electricity, the light- 
ning is popularly described as sheet lightning. This 
may take place at an elevation too great for the sound 
arising from the discharge to be heard on the earth; so 
that this lightning is often unaccompanied by thunder. 
When electricity passes through air very mucJi rarefied, 
it commonly appears as broad bands, and those bands 
are frequently variously coloured. The aurora borealis, 
80 w^kno^^ in high latitudes, and which has ^ 
oently been beautifully seen in iiie neighbourhood of 
London, arises from the passage of electricity in air 
very much rarefied. Every variety of lightning, from 
the forked lightning to the coloured bands of the aurora, 
can be imitated by sending an electric discharge 
'through tubes from which the air has been more and 
more exhausted; its passage through the tube filled 
with dense air resembling forked, whilst as the density 
of the air in the tube is gradually lessened, it changes 
also gradually to the resemblance of sheet lightning ; 
and, finally, as the exhaustion of the air becomes more 
complete, it assumes the form of the aurora borealis. A 
kind of lightning, called ball lightning, has frequently 
been described, and is popularly believed in, and called 
the thuiiderbolt. So firmly were the ancients con- 
vinced, not only of the substance, but also of the 
metallic character of those thunderbolts, that Vulcan, 
along with the gigantic Cyclops, were supposed to be 
employed in forging them for Jupiter. It is certain, 
however, that — ^no matter how well-authenticated some 
of the facts connected with them appear, or how deeply 
their existence has taken hold of the popular belief — 
that they can have no existence, except as meteors 
which may have fallen occasionally during thunder- 
storms. 

Thunder. — ^The thunder which accompanies the dis- 
charge of electricity from the clouds is, doubtless, in 
every respect similar in its origin to the snap which is 
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h6ard when a Leyden jar or a battery is discharged, or 
when a spark passes from the prime conductor of an 
electrical machine. In both cases it is owing to the 
concussion of the air, and though, on account of the 
terror it frequently causes, its violence is deemed 
greater than it really is, it has been heard for a 
distance of fourteen miles. The sound of artillery 
has, however, been heard for more than one hundred 
miles. We may therefore conclude that the concussion 
of the air due to the most violent thunderstorms is 
not so great as that caused by the discharge of 
artillery during any modem important battle. 

Owing to the fact of the lightning being, for short 
distances, apparently instantaneous, and sound travel- 
ling only between twelve and thirteen miles in a 
minute, we are enabled to judge pretty accurately of 
the distance of the cloud from which the discharge 
]>rocceds. It is owing also to this, and to the great 
distance frequently traversed by the electricity during 
a discharge, that whilst the flash is instantaneous, the 
' hunder comes to us as a prolonged peal. It is also 
evident that the peal will appear different according 
to the position of the person hearing it, with regard 
to the lightning's path. Echoes, also, of the original 
sound between the clouds and the earth, as they blend 
with, or interfere with each other, no doubt chiefly 
cause that peculiar rolling sound so characteristic of 
thunder. 

Lightning Conductors. — The most important use 
that Franklin made of his discovery, that lightning 
and the ordinary electricity evolved by a machine 
were similar, was that of inventing conductors for the 
preservation of buildings from the destructive effects 
of lightning. He reasoned that, as ordinary discharges 
of electricity were always made along the path of 
least resistance, this would equally apply to discharges 
from the clouds, and consequently, that if a building 
were furnished with any conducting body as high, or 
higher than itself, the electricity, on its way to the 
earth, would select that conductor, and that thus the 
building would escape. If, for instance, a person 
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stand near the prime conductor of a machine when in 
action, and hold his hand towards it, he will feel a 
succession of sparks and a stinging sensation therein ; 
but if he hold in his hand a ball and a chain reaching 
to the ground, he will see the sparks pass to the ball, 
but cease to feel any shock, as the electricity will pass 
down by the ch&in, instead of by his body, to the 
ground. If^ for the ball, he substitute a pointed rod 
near the conductor, the sparks will cease to be seen, 
and the electricity will pass silently between the point 
and the prime conductor. Lightning conductors con- 
sist necessarily of two parts, viz., the rod, or part pro- 
jecting above the building, and the conductor, properly 
so-called, to convey the electricity between the rod and 
the ground. The rod should rise above the building 
to be protected from ten to thirty feet, according to its 
size ; and if the building be very large, two or three 
rods should be used, as otherwise it would be necessary 
to elevate one rod too high for its stability in order 
that it might be sufficient for the protection of the 
building, as this protection is supposed only to extend 
over an area the radius of which is twice the height of 
the rod. It should be of a conical shape, and terminate 
in a fine point, which should be gilt, in order to pre- 
vent its becoming blunted by rust. 

The most important use of this pointed rod is not 
that which was supposed at its &cst invention, or 
which is now generally entertained. The popular idea 
of a lightning conductor is, that it allows a safe passage 
for the electrical discharge to pass from the clouds to 
the earth. Its most important and general use, how- 
ever, is exactly the reverse, viz.^ ^o allow the opposite 
kind of electricity to that with which the cloud is 
charged to pass from the earth to the doudy and thus 
to restore the equilibrium without any electricity pass- 
ing from the cloud to the earth. Suppose, for instance, 
a cloud charged with positive electricity to come near 
one of these conductors, it will act powerfully upon 
it by induction, repelling the positive to the ground, 
and attracting the negative to the point of the con- 
ductor, from, which, as has been "previously explained, 
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it will pass rapidly and silently into the cloud, to 
neutralise the positive it has in excess. It is only, 
therefore, when the cloud contains more positive than 
the rod can thus neutralise that any of it actually 
passes to the earth. 

The Condactor should be round, and of a diameter 
from half an inch to an inch. As copper is a much 
better conductor of electricity than iron, copper con- 
ductors were, at first, frequently used ; but the passage 
of electricity acts injuriously upon copper, whilst it 
improves the conducting power of iron, so that now 
galvanised iron is nearly always used for these con- 
ductors. It is very important that the base of the 
conductor should be in connection with moist earth, 
or, still better, with a well, or a stream of running 
water. If it be impossible to have a well or stream of 
water for the termination of the conductor, it should 
be made to terminate in a hole filled with charcoal, as 
this, being a good conductor, acts in the same way as 
water. Dry earth being really a bad conductor of 
electricity, if the bottom of the conductor terminate 
therein, it will be useless, as it will neither allow the 
electricity to pass readily from the earth to neutralise 
that of the cloud, nor will it afford a ready means for 
it to escape, should it pass from the cloud by the con- 
ductor to the earth. 

These conductors, when used to protect vessels at 
sea, are usually flexible chains, which pass from the 
rod, which is, of course, elevated above the highest 
mast into the sea. If the vessel be large there should 
be two or three rods, and, of course, connected with 
those a similar number of flexible chains, each passing 
into the sea. 

In all ordinary states of the atmosphere it is charged 
with more or less positive electricity, whilst the surface 
of the earth itself is negative. The amount of positive 
electricity in the air increases as we ascend, and is 
generally greater in winter than summer, and also 
greater a little after sunrise in the morning, and about 
sunset in this evening, than it is either at noon or 
midnight. 
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Thunder clonds are of very different heights above 
the horizon, some having been seen not more than 
fifty or one hundred feet in elevation, whilst others 
have been known to be as high as 25,000 feet. The 
inductive action of the earth appears to increase when 
the air is filled with vapour ; and this is supposed to 
be the principal cause of difference in the amount of 
electricity in the air. Clouds formed at great eleva- 
tions are chiefly charged with positive electricity ; but 
those that have been formed near the earth, as fogs, 
mists, <&c., are often charged with negative, from their 
connection with the earth. It is mainly owing to the 
different elevations at which clouds are formed that 
they are charged with opposite kinds of electricity, 
though the atmosphere, as a whole, is generally positive. 
When clouds thus charged with opposite kinds of 
electricity are brought near each other they are 
attracted towards each other, and the opposite kinds 
of electricity also accumulate at the ends nearest each 
other, so that when they approach within distances 
which, of course, vary with the quantity of the elec- 
tricity they contain, the two electricities rush together 
through the air, giving origin to the lightning, and 
the violence with which it rushes along also causes the 
sound which we term thunder. Thunder-storms, and 
the rain, hail, <&c., accompanying them, of course owe 
their origin to atmospheric electricity; but this is also 
supposed to be at least one of the principal agents in 
the ordinary production of rain, hail, snow, &c. 

« 
Questions oh Ghafteb XXTV. 

1. Describe dififerent kinds of lightning. 

2. What causes the aurora borecdiaf 

3. What is thunder? 

4. Describe the different parts of a lightning conductor. 

5. What is the principal use of the pointed rod ? 

6. Describe the precautions necessary in the arrangements of 
lightning conductors. 

7. Describe the kind of conductor generally used for the protec- 
tion of vessels at sea. 

8. What is the generml difference between the electricity of the 
earth's surface and that of the atmosphere ? 
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CHAPTER XXV. 

Qalvanism, or Voltaic Electricity : Historical Account of its Origin. 
Difference between Voltaic and Frictional Electricity. Origin of 
Electrical Currents. Electro-Positive and Electro-Negative 
Elements. Proofs of the Existence of Electric Currents. 

Galvanism, or Voltaic Electricity. — This branch of elec- 
trical science owes its names to its two most illustrious 
discoverers, viz., Galvanism to Galvani, a professor of 
anatomy in Bologna, in Italy ; and Volta, who was a 
physician and professor of natural philosophy at Pa via. 
It was totally unknown till the year 1780, when 
Galvani observed convulsive movements in the legs of 
a frog placed on a table near an electrical machine 
every time a spark passed from the prime conductor. 
This was really due to the return sJioch, as has been 
previously explained ; but Galvani having a favourite 
theory of his own, which he thought this and other 
experiments confirmed, was led to place frogs on the 
top of a conductor above his residence ; and he found 
that every time there was an electrical discharge 
during a thunder-storm, the convulsive movements in 
the limbs of the frogs were observed. In 1786, having 
suspended some frogs by copper hooks to the iron 
railings in front of his room, he observed that in all 
states of the weather, whenever the wind caused the 
limbs of the frog to touch the railings, that these con- 
vidsive movements took place. The result of these 
and other experiments were published^ by Gulvani in 
1791, and he attributed these convulsions to animal 
electricity. He believed that the brain was the origin 
of this electric force, which was conveyed from it by 
the nerves to the muscles ; the interior of the muscle 
acting as the inner coating, and its exterior as the 
outer coating of an ordinary Leyden jar. The elec- 
tricity which, originating in the brain, Was conveyed 
by the nerves to the muscles, Galvani considered was 
the source of all muscular power, and U© consequently 
c^Ued it the vital fluid. 
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He looked upon the metallio arc, whether oonsisting 
of one or two metals, as having no part in originating 
this power, but as simply acting the part of a discharge 
ing-rod, by which the two electricities were reunited, 
as in discharging an ordinary Leyden jar. These views 
were generally considered correct till, in 1792, Volta, 
who had repeated many of Galvani*s experiments, came 
to the conclusion that, in the case of all his early ones, 
the convulsive movements were due to the action of 
ordinary Motional electricity, generated by the electri- 
cal machine, or originating in the atmosphere; and 
that in other cases, as in the suspension of the frog by 
copper hooks on the iron railings, the movements were 
caused by a force originating in the contact of the two 
metals. Volta argued that whenever contact was 
made between two different metals, they were thrown 
into a state of tension, and that this originated what 
he termed the electro-motive force. 

A contest was carried on for several years between 
those who held the theory of Galvani and those who 
adopted the contact theory of Volta. Whilst this dis- 
cussion was going on, however, Fabroni suggested 
chemical action as at least having something to do with 
the results obtained by both Galvani and Volta ; but 
this at the time attracted little attention ; and Volta, 
by tho discovery of his pile in 1799, seemed to prove 
conclusively the truth of his reasoning; and it was 
almost universally adopted from that time till many 
years later, when the reasoning of Fabroni, Wollaston, 
Davy, and M. de la Eive, caused the chemical theory 
of the origin of the electro-motive force to be pretty 
generally acknowledged. They, by many experiments, 
showed that metallic contact alone was incapable of 
exciting the electro-motive force, unless the metals 
were placed in situations favourable to chemical action; 
and that when they are placed in gases, such as nitro- 
gen or hydrogen, which exert no chemical action 
upon them, all signs of electricity disappear. In 1840 
Faraday proved oy a series of careftd experiments 
that chemical action is the real source of all current 
electricity. Modem science has also proved inco^i- 
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testably that Galvani was not only right in many of 
his experiments, but also in his reasoning ; and that all 
musoular movements are really due to the action of a 
force originating in the brain, and that this force is 
conveyed from the brain to the muscles by the nerves, 
the circuit being completed by another set of nerves, 
which convey impressions from the muscles to the 
brain. 

Galvanism, then, is that form of electricity* arising 
from electrical currents, which have their origin in 
chemical action, and more especially from that kind of 
chemical action which arises from the decomposition of 
metals. It is sometimes called Dynamical Electricity, 
because it deals with electricity in motion, whilst 
frictional electricity is called Statical, because it refers 
chiefly to the condition of insulated bodies, where the 
electricity remains fixed. It is true that frictional 
electricity moves with immense velocity along con- 
ductors, but this movement is instantaneous, and only 
takes place to restore the equilibrium, so that when 
discharge in this way takes place all signs of electricity 
vanish. In galvanism, on the contrary, the currents, 
instead of* being instantaneous, may be kept up for 
hours, days, and weeks, and, so soon as the current 
ceases, all evidence of its action ceases with it. Move- 
ment, then, in a current is the normal condition of 
galvanic electricity, whilst insulation, or a state of 
rest, is the normal condition of frictional electricity. 

Origin of Currents. — It being well established now 
that electricity is generated whenever chemical action 
takes place, and that electrical currents have their 
origin in chemical decomposition, it will be necessary 
briefly to give an explanation of the origin of these 
currents, or of the generation of what is termed electro- 
motive force. 

All compound matter is made up of molecules, com- 
posed of atoms of a different character, some of which 
are electrically positive and others electrically nega- 
tive, and the union of these negative and positive 
atoms forms a compound molecule. Chemically, there- 
fore, all the elements are divided into electro-positive 
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and electro-negatiYe, just as, with regard to heat and 
frictional electridtj, bodies are divided into con- 
doctors and non-conductors. Jnst, howeTer, as in the 
latter case, conductors and non-conductors gradually 
merge in those called semi-conductors, and differ 
greatly amongst themselves in conducting and insu- 
Citing power, so the electro-positive and electro-nega- 
tive elements possess these properties in very different 
degrees? For all galvanic purposes, however, the most 
decided electro-negative elements are oxygen, sulphur, 
chlorine, bromine, iodine, fluorine, phosphorus, and 
nitrogen, their decided negative character being in the 
order in which they are placed. Of the metals, the 
most decidedly positive are potassium, sodium, zinc, 
iron, copper, silver, gold, platinum, and carbon, the 
most positive being placed first. Hydrogen, which is 
now generally believed to be the vapour of a metal, is 
also classed amongst the positive elements, though it 
is less so than most of the other metals. Whenever 
two plates of metal, or of any other good conductor of 
electricity, are placed in a conducting liquid, the 
molecules of which are made up of electro-positive and 
electro-negative atoms, accordmg to the difference in 
the positive character of these plates, the molecules are 
all placed in a state of tension, the' most positive of 
these plates becoming charged with positive electricity 
at the end immersed in, and negative at the end out of 
the fluid ; whilst the least positive plate will have the 
end in the liquid negative, and that out of the liquid 
positive. The molecules of the liquid between the 
plates will also be placed equally in a state of tension, 
or be what is termed polarized, all the electro-nega- 
tive atoms being turned towards the positive plate, 
and all the electro-positive being turned to the nega- 
tive one. 

This tension, or polarization, will be the more com- 
plete according to the difference in the positive character 
of the plates, and, therefore, greatest between plates 
farthest distant from each other in the preceding list. 
Thus, the polarization, or tension, would be feeble be- 
tween zinc and iron, greater between zinc and copper, 
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and greatest of all between zinc and platinum or carbon. 
If the liquid in which the plates be immersed be water, 
which is made up of one atom of oxygen and two of 
hydrogen, all the oxygen atoms would be turned to the 
zinc, and the hydrogen atoms towards the negative 
plate. If sulphuric acid or hydrochloric acid, the 
sulphur and oxygen of the former, and the chlorine oi 
the latter, would bo turned towards the zinc, whilst 
those of hydrogen would bo turned to the opposite 
plate. So long, however, as the two plates were pre- 
vented from touching, or unjoined by any good con- 
ductor, though this state of tension existed, no electric 
current would be generated ; but, as soon as ever the 
two plates are made to touch, or are joined by a good 
conductor, the current commences ; the negative element 
of the liquid, combining with the zinc, forming aif oxide, 
a sulphate, or a chloride, of zinc, according as the 
liquid is water, sulphuric acid, or hydrochloric acid, 
whilst in each case the hydrogen is set free in the 
negative plate. A current, then, is set up in which 
the two kinds of electricity move in opposite directions, 
for, as stated, whilst in the liquid the positive hydrogen 
moves towards the negative, the negative oxygen, 
sulphur, and chlorine, each move in an opposite direc- 
tion towards the positive zinc. To prevent confusion, 
however, the positive current is always the one spoken 
of, it being understood that there is always an equal 
negative current in the opposite direction. 

The positive current, then, always flows in the 
liquid from the most positive towards the negative 
plate, and, out of the liquid, from the negative to the 
positive one. Though the greatest amount of electricity 
is generated when the plates differ most in their positive 
character, and potassium and sodium are each more 
positive than zinc, yet, as they each combine with oxygen 
in ordinary states of the air, they would be dissolved 
too rapidly to be of any permanent use, and, therefore, 
zinc, which should be coated Trith mercury to prevent 
waste, is always used for the positive plate. For the 
negative plate, though copper and iron, on account of 
their cheapness, are pommonly used, yet tb^^ \EiSi^\. 
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powerful action arises when they are made of plati« 
nam or caibon. 

Proofs of the existence of Electric Currents. — Ist 
If a piece of zinc and a penny be placed on the tongue, 
no action will take place till their edges are made to 
touch each other, but, as soon as the two metals touch, 
a peculiar taste is felt at once, arising from the disso- 
lution of the zinc and the liberation of hydrogen on 
the tongue. Similar results, only a little more power- 
ful, will be felt if a piece of silver, as half-a-crown, be 
used instead of the penny, and the taste will be still 
more decided if a piece of graphite be substituted 
instead of the half-crown. 

2nd. If a strip of platinum and another of zinc be 
placed in a vessel containing dilute sulphuric acid, and 
they be joined together by a strip of copper wire, so 
that a line joining them shall be in the magnetic 
meridian, on bringing a magnetic needle over the 
current, instead of remaining parallel with the strip of 
copper in the magnetic meridian, it will be turned 
more or less at right angles to it, showing that the 
strip of copper under those circumstances possesses a 
power over the magnetic needle suf&cient to overcome 
the directive action of the earth. If^ then, the magnetic 
needle be placed under the strip of copper, it will be 
found that the needle will be still turned out of the 
magnetic meridian, but this time it will be deflected in a 
direction^ opposite to that in which it was deflected when 
placed above it. The following rule, first substantially 
given by Ampere, will always enable a person to know 
the direction in which the needle will be deflected. 
Suppose yourself to he swimming toith the current^ and looking 
towards the needle, when the north pole of the needle will 
always turn towards your left hand, and its south pole towards 
your right. On placing the needle equally above and 
below the fluid in which the plates are immersed, it 
will also be deflected, showing that the current passes 
through the liquid as well as through the connecting 
copper, and thus, in fact, makes a complete circuit. 

3rd. If, after this action has gone on some time, the 
£md and the zinc be carefully weighed, it will be 
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found that the zinc is lighter and the fluid heavier 
than they were before the commencement of the experi- 
ment, and that the zinc has lost just as much as the 
fluid has gained. K, now, sulphate of copper be sub- 
stituted for sulphuric acid, and the experiment be 
continued, it will be found that still the zinc has lost 
^nd the liquid gained weight, but that the platinum 
plate has also gained weight, and become coated over 
part of its surface with pure metallic copper. 

4th. If, instead of uniting the plate of platinum with 
the zinc by a broad strip of copper, two strips are used, 
one attached to the zinc and the other to the platinum 
plate, and these two are joined by a fine platinum or 
iron wire, this wire will become gradually heated, and, 
in a short time, become red-hot, or even melted. 

5 th. If the plates be connected by a wire, and this 
wire be placed among steel filings, so long as the 
current passes along the wire the filings will adhere to 
it the same as to a magnet; but, if the circuit be 
broken, and the current cease to pass, the filings will 
instantly fall off*, thus showing that the attractive 
power of the wire is entirely owing to the current. 

6th. If the connecting wire be twisted in the form 
of a spiral round a piece of soft iron, so long as the 
current is passing through the wire the piece of iron 
will be converted into a magnet ; and, if the coils of the 
wire be loose enough to allow it freedom of motion, it 
will place itself in the magnetic meridian, and its 
north pole will attract the south and repel the north 
pole of another magnet, just in the same way^ as a 
permanent magnet ; but the moment the current ceases 
all signs of magnetism cease with it. 

If, however, instead of soft iron, a piece of hard steel 
be placed similarly in the coils of the wire, if the action 
be continued long enough, the piece of steel will be 
converted into a permanent magnet. 

The preceding and many other experiments prove 
that there is a reality in the electric current, and, as 
most of them may be imitated to a certain extent by 
suitably arranging the apparatus of Motional elec- 
tricity, thejjr thus, also, show that they are also due to 
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electric action, and, consequently, that galvanic or 
voltaic and firictional electricity are only varying forms 
of one and the same cause. In a state of tension, indeed, 
before the junction of the metals, it can be shown by a 
condensing electroscope that the part of the zinc plate 
out of the liquid is charged with negative, and the 
part of the platinum charged with positive, though 
all signs of statical electricity vanish when the junction 
of the metals is effected, and the circuit closed. Every 
time, however, the circuit is broken, then the plates or 
terminal wires again give evidence of being in opposite 
electrical conditions. 

The great difference, then, between Motional and 
voltsdc electricity seems to consist in this, that the 
former is small in amount, but of great tension, and 
thus capable of overcoming obstacles in its path, which 
it is utterly impossible to overcome by the greatest 
accumulation of voltaic electricity; whilst the latter 
can be developed in enormous quantities, but is of such 
feeble tension that it can only move from molecule to 
molecule in a regular current, and is unable to over- 
come obstacles which even the smallest quantity of 
frictional electricity would easily surmount. Thus, 
electricity, generated by a powerful machine, will give 
sparks of ten or twelve inches in length, whilst it 
would require a powerful battery of 1,000 galvanic 
cells to obtain a spark the one-thousandth of an inch. 

Questions on Chaptjsb XXV. 

1. Describe Galvani's experiments, and the theory he foaidcd 
thereon. 

2. Describe the theory of Volta. 

3. What is galvanism? and how does it differ from frictional 
electricity ? 

4. What are the most electro-positive and the most electro- 
negative substances ? 

5. What is the result of placing two different metals in a con- 
ducting liquid? 

6. la what direction does the positive current always flow ? 

7. Give Amp^'s rule for determining the direction of the current 
from the deflection of a magnetic needle. 

8. Give proofs of the existence of a magnetic current. 
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CHAPTEE XXVI. 

Different Methoda of Originating the Voltaic Current. Volta*4 
Pile : Wollaston's Battery : Smee's Battery. Batteries with Two 
Fluids : Daniell's, Grove's, and Bunsen's. Instrament for Detect* 
ing and Measuring the Strength of Currents. The Galvanometer 
and Voltameter. 

Different Methods of producing the Voltaic Current. — 
A voltaic current is always produced when two metals 
are placed in a conducting liquid, on one of which 
the chemical action of the liquid is more power- 
ful than on the other. It is not necessary, therefore, 
that one of the metals should be positive and the other 
negative, but only that one of them should be more 
positive than the other, and the electro-motive force 
of the current is always in proportion to this difference 
bett^een the two plates. In all ordinary arrangements 
for originating a voltaic current oxygen is the negative 
element of the liquid, which, is attracted to the most 
positive plate. If, therefore, one of the plates attract 
the oxygen more powerfully than the other, it will be 
impelled towards that plate with a force which is the 
difference between the two attractions, and the greater, 
therefore, this difference is, the greater is the force of 
the current. 

Thus, if t'^o plates of pure zinc or of pure platinum 
be inserted in a conducting liquid no current is set up, 
for the oxygen is as much attracted by one plate as the 
other. Almost all the early methods of originating a 
current consisted of two metals and one liquid; the 
vessel containing the liquid was called the cell, and a 
cell containing the liquid and the two metals formed 
a galvanic or voltaic pair. A number of these cells 
joined together formed a galvanic battery. 

Volta's Pile. — This was the earliest form of the 
galvanic battery, and, as previously stated, was dis- 
covered by Volta in 1799. Very soon after an account 
of it reached England, and in 1800 Carlisle and 
I^icholson decomposed water with it. It consisted of a 
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number of circular plates soldered together, so that all 
the copper plates faced in one direction, and the zinc 
ones in the other ; and between each plate a wet cloth, 
moistened by salt and water or dilute sulphuric acid. 
I'hese were kept in position by glass rods, the top and 
bottom plates being joined by a conductii^ wire, which 
conducted the positive current from the last copper to 
the first Kinc ; the current then passing up the piles 
from the zinc through the wet cloth to the copper. As 
this battery depended for its action on the moisture of 
the cloth, and the weight of the plates tended to 
liqueeze out this moisture and stop the action, Volta, to 
prevent this, invented bis crown of cups, in which 
' ~ the pieces of copper and zinc 

were soldered together in the 
form of an arc, and each end of 
these arcs placed in a cup or 
glass containing the exciting 
fluid. In 1802, Cruishank'im- 
proved on this arrangement by 
placing the copper and zinc 

Elates in one trough, into which 
e poured the dQute sulphuric 
acid, and this arrangement ia 
still occasionally in use, though 
instead of using dilute sulphuric 
acid as the esciting liquid, sul- 
^.iJ I > . Ill tr.i. ptate of copper is used, which 

very much increases its action, and consequently the 
electro-motive force. 

Wollaston's Battery. — In 1803, Wollaston, adopting 
tho improvement of Cruishank, and knowing that aa 
tJie zinc plate was tho one gradually consumed away 
by the action of the acid, whilst the copper remained 
uninjured, used in his battery thick plates of zinc, 
which he siirrounded by tMn strips of copper, so that 
each side of the zinc plate should be equally exposed 
to chemical action, and thus the electro -motive force 
increased. This form of the battery is sometimes still 
used, but in all cases of one liquid and two metals, 
iowever powerful the action is at tlie commencement 
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whilet the plates are clean, soon after tlio action com- 
mences there is a gradual decrease in the power of the 
cell, and it grows feebler and feebler the longer the 
action continuea. This decrease 
of power, called polarisation of 
the plates, arises partly from the 
decrease in the strength of the 
acid, but chiefly from Hie hy- 
drogen set free from the liquid 
accumulating on the negative 
plate, and thus tending to set 
up a current in the opposite 
direction. IthasbcenproYiously 
stated that the real force of the 
current arises from the differ- ^ 
ence of tho attraction of the ^^J 
two plates used for the oxygen, 
or other negative element of the 
fluid, and that the greater this difference the greater the 
force of tho generated current. Now when anyelement 
has been just separated from any compound, it is much 
more powerful to form new combinations than at any 
other time, and is said to bo In a nascent condition. 
The hydrogen then liberated on the negative plate is in 
this naeeent state, and tends to unite itself again with 
the oxygen, from which it has just been separated by 
tho zinc; and thus tends to di'aw the osygen in an 
opposite direction and set up a contrary current. To 
prevent, therefore, this accumulation of hydrogen on 
tho negative plate, and the consequent weakening of 
the strength of the current, was soon seen to be of the 
utmost importance, and for the first attempt at a 
remedy, whilst still retaining the ordinary arrange- 
ment of a single fluid and two metals, wo arc indebted 
to Mr. Smee. 

Smee's Battery. — This aiTangcmcnt is something 
HJmilar to 'Wollaston's, only that instead of copper he 
uiics a fine plate of silver, surrounded by thick plates 
of zinc. It is found that hydrogen escapes from any 
surface more readily in proportion to its irregulariiy, 
uud the number of iiointa it ofi'ers for the hydrogen to 
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escape. Smee, therefore, covered the silver plate witt 
finely-divided platinum, the irregularity of the surface 
^T of which allows the 

w2S«s~~~ hydrogen to escape 
more freely than 
from the even sur- 
face of any of the 
other metals. This 
battery is still fre- 
suEE a BATTEBr. qucntly in use, espe- 

cially by medical men, as from the simplicity of its 
structure, and ils freedom from the escape of injurious 
gases, it is more suitable for a sick room ; and from its 
greater constancy in action it is also superior to any 
other combination of one fluid and two metals. 

Battenes with two fluids. — Although Mr. Smee's isan 
improvement on most of the single fluid batteries, yet 
it is neither powerful enough nor constant enough in 
its action, where either a large quantitii or a conttant 
tupply of electricity is required. It is, therefore, of the 
utmost importance to find some means for getting rid 
of the hydrogen without allowing it to accumulate on 
the negative plate. Several attempts, both of a me- 
chanical and a chemical nature, were resorted to by 
scientific men to effect this. One of the most important 
was to mis some other liquid with the dilute acid with 
which the hydrogen had a tendenCT- to combine ; and 
tor this purpose nitric acid and sulphate of copper were 
added; the liberated hydrogen forming peroxide of 
nitrogen and water with the nitric acid, and taking 
the place of the copper in the sulphate of copper, so 
that pure copper, instead of hydrogen, is deposited on 
the plate. A disadvantage, however, arose from this 
miituro, as some of the copper was deposited on the 
zinc, as well as on the copper plate, causing a local 
action and an escape of hydrogen from difierent parts 
of the zinc plate. 

Darnell's Battery.— Professor Daniell was the first to 
clearly enunciate these facts, and also to find out a 
remedy hy separating tho two liquids by a porous 
diaphragm. Originally this diaphragm was a piece of 
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sailcloth oi: bladder, but now it, in nearly all oases, is 
formed of uuglazed porcelain, wbicli admits of the 
action of the current through it, and yot, mechanically, 
prevents any great mixture of the two fluids. Id the 
interior of the poroua vessel is placed a plate of 
amalgamated ziac, in 
a dilute solution of '■ 
sulphuric acid, and 
this is placed in a 
copper vessel which 
is nearly filled with 
sulphate of .copper. 
The hydrogen, then, ; 
on being liberated 
from the sulphuric 
acid, passes on its , , 

■way to the copper 

through the porous diaphragm into the sulphate of 
cofper, and forms sulphuric acid, pure copper being 
deposited on the copper plate. This is called, from 
tbo constancy of its action, Darnell's constant battery; 
and with suitable regulations it will remain in use for 
almost any length of time without its action being 
much impaired. On this account tbis, or some modifi- 
cation thereof, is used at a great number of the electric 
telegraph stations throughout the world ; and no arrange- 
ment differing in principle from it is found nearly so 
useful where continuous and constant generation of 
electricity is i-cquired. 

Grove's Battery. — Though Daniell's battery is the 
most constant in its action and less disagreeable in. 
working than any of tho constant batteries, it is not 
tho most powerful, as there is not the same electro- 
motive force originated between the Kino and copper as 
thoro is between zinc and carbon, or between zinc and 
platinum. This consists of a strip of platinum inserted 
in the porous vessel, which is then filled with strong 
nitric acid ; tho zinc being placed in an outer vessel 
along with dilute sulphuric acid. Tho action, there- 
fore, commencea in the outer cell, and the liberated 
hydrogen passes through the porous diaphragm and 
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combines with part of the oxygen in the nitric acid. 

This battery, from the liquid being one of the best 
Gonductoi'B and from the plates employed differing 
most In their attrac- 
tion for ■the negative 
oxygen, forma one of 
the most powerful 
combinations bnown. 
A heavy brown gas, 
peroxide of nitrogen, 
IS however, given off 
l-\ the nitric acid, 
which is peculiarly 
iintating to the 
InugB and injurious 
to the health it' 
breathed for any 
length of time or 
in great quantity, 
'here this battery is used 
for any length of time that it should either be placed 
outside the room where experiments are performed, or 
the porous cell should be fitted with a plug to prevent 
the cBcapo of the gas. 

Bnnsen's Battery is in every respect similar to that 
of Grove's, only that graphite or carbon ia used instead 
of platinum ; and as this can generally be obtained from 
the retorts where gas ia manu&etured, it can be ob- 
tained much cheaper than platinum. "Where economy, 
then, is an object, Bunson's battery is preferable to 
Grove's; but in other respects their power is equal ; 
and Grove's battery is neater and more compact. 

Instruments for detecting and measurmg the Electric 
Currents. — The GALVASOiiETEit.— It has been previously 
stated that if a freely-suspended magnetic needle bo 
placed over a wire through which the current ia passing 
it will bo deflected from the magnetic meridian and 
mate an angle with it, greater or less according to 
the size of the needle and the strength of the current. 
The amount, therefore, of the deflection of the needle 
mil bo a measure of the strength of the cun-ent. But 
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many currents are too weak to overcome the action of 
the earth, and therefore what is termed the multiplying 
galvanometer is generally used. This consists of a coil 
of wire in the centre of which the needle is balanced, 
so that the current passes through the wire both over 
and under the needle. But as it passes over the needle 
in one direction and under it in another, its tendency 
is, in both cases, to deflect the needle in the same 
direction ; and were it not for the increased resistance, 
owing to the length of the wire, its force to deflect tho 
needle would be increased as many times as there were 
coils. When, however, . it is requisite either to detect 
the presence or measure the strength of very weak cur- 
rents, it is necessary to use a more delicate instrument, 
and for this purpose an astatic galvanometer is used. 
In using the others, to obtain anything like accurate 
results, it is always necessary to place the wire through 
which the current is passing in the magnetic meridian, 
for otherwise the action of the earth itself would cause 
the needle to make an angle with the wire. The 
astatic galvanometer consists of two needles of equal 
strength fixed together, with the north pole of one over 
the south pole of the other, so that the action of tho 
earth is neutralised ; for its tendency to turn, say, tho 
north pole of one towards the north is balanced by its 
equal tendency to turn the south pole of the other 
towards the south. One of these needles is placed 
inside the coil of wire, and the other above it ; and for 
detecting very feeble currents the coil consists of an 
immense number of turns of the wire, which is very fine, 
and carefully insulated by being bound round with silk. 

The Voltameter. — 
This, as its name im- 
plies, is also a mea- 
surer of the strength 
of an electric current, 
and depends upon - 
the amount of water 
it will decompose in 
a given time; as it is well known that this is 
always proportionate to the strength of the Gai:^^\!Lt. 
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Water, as previously stated, was first decomposed by 
Volta's pile in 1800 ; but Faraday was the inventor of 
the voltameter, which consists of two pieces of platinum 
soldered to the ends of wires, which, by binding screws,- 
can bo connected with the wires of a battery, the current 
strength of which is to be determined, These pieces 
of platinum are placed in a bottle containing acidulated 
water, and glass tubes are arranged to receive the gas 
given off by the decomposition of the water. These 
tubes are graduated so that the quantity of the gases 
given off in a given time can at once be seen, and this 
quantity is a measure of the strength of the current. 

Questions on Chapter XXVI. 

1. When will Voltaic currents always be produced? 

2. What is a Voltaic cell ? What forms a battery? 

3. Describe Volta's pile and crown of cups : how did Gruishank 
improve it ? 

4. Describe Wollaston's battery, and how Smee's differs from it. 

5. What are the defects of all single-fluid batteries, and what 
attempts had been made to overcome them ? 

6. Describe Danieirs battery, and its superiority to al^ previously 
used. 

7. Describe Grove's and Bunsen*s batteries, and how they differ 
from each other. 

8. Describe the galtanometer, and explain its action. 

9. Who invented the voltameter f and explain how it determines 
the strength of a voltaic current. 



CHAPTER XXVII. 

The Electric Telegraph : Historical Account of : its Different Parts 
and their Uses. Submarine Telegraphs. System of Signals : 
Wheatstone and Gooke's, Morse*Sj &c. The Indicator. 

The Electric Telegraph. — One of the most important 
applications of voltaic electricity is that of conveying 
quickly messages to a distance ; for though the word 
'* telegraph " literally means, writing at a distance, it 
is used for any means of communication by signals, 
wbetber those signals axe to "be seen or heard. Perhaps 
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the earliest means of conveying news of any sudden 
or expected danger was by lighting large fires on hills, 
which were called beacon fires ; and many of our hills 
are still called beacons, in consequence of having been 
used for this purpose. It was by this means that 
England generally received the news of the advance of 
the Spanish Armad^; and similarly it was expected 
that most parts of England would receive notice o£ 
the landing of Napoleon, had he invaded England. 
A system of signals, however, of a more complicated 
kind had long been in use at this latter period ; and it 
was by means of such signals that Nelson gave the well- 
known message to his fleet ere the battle of Trafalgar. 
All these kinds of signals, however, could only be of use 
when they could be seen. A foggy day, the darkneps 
of night, or intervening obstacles of any kind always 
prevented the possibility of these signals being seen, 
and consequently rendered them useless. In the 
electric telegraph, however, we have a means of rapid 
communication which can communicate its messages at 
any time, over any irregularity of district, and which 
can be communicated to distances where sight would 
be impossible. In the year 1820, Ampere suggested the 
possibility of communicating, by means of a galvano- 
meter and a wire, with distant stations ; but it was not 
till 1833 that any attempt was made to carry out the 
suggestion. The year 1837, however, is the most 
memorable in connection with the electric telegi*aph ; 
as in that year three patents were obtained for its prac- 
tical application. One was by Cooke and Wheatstone, 
in June, 1837, which was put in use on the Great 
Western Eailway ; and in the same year, Steinhill, of 
Munich, and Professor Morse, each brought their 
systems into operation over lines of greater or less 
length. The electric telegraph, whatever be its form, 
consists essentially of four parts, viz. : — 

Ist. A battery to originate the electro-motive force. 
2nd. A conducting medium of communication with 

the station to which the messages aro to be 

sent, 
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3rd. A system of Signals, which must be agreed upon 
and understood by the person sending and the 
one receiving the message. 

4th. An indicator, to exhibit these signals at the 
distant station. 

1st. The battery may bo of any form, but some 
modification of Darnell's is now ^ost commonly used 
in this country : where, however, great obstacles have 
to be overcome, and the lines are of great length, some 
modification of Grove's or Bunsen's batteries is fre- 
quently used. 

2nd. The conducting medium between the stations is 
in all cases some kind of insulated wires, which used 
generally to be of copper, but which are now nearly 
always made of iron coated with zinc. Along nearly 
all our railway lines, except those of large towns, those 
wires are supported by posts and stretched over por- 
celain or glass, to insulate them. These posts are gene- 
rally 18 to 20 feet high, and placed at distances of from 
80 to 100 yards, according to the number of wires they 
have to carry. As voltaic electricity possesses such 
feeble tension, there is no tendency in the current to 
pass from the wire into the air; but where the wire 
comes into actual contact with any solid substance — as 
in passing over the posts — it requires to be well insu- 
lated, or a portion of the electricity will pass down 
these posts into the ground. This is especially the case 
in foggy or very wet weather, as the posts are liable 
to become more or less covered with moisture. In all 
the early telegraphs two wires were used to connect 
the stations so as to complete the circuit. In 1838, 
however, Steinhill, knowing that the current would 
pass through liquid, in the ordinary voltaic cell to 
complete the circuit, tried whether it would return in 
the same way for longer distances ; and, finding that it 
would, he tried whether it would not equally return 
through moist earth, and ultimately had the satisfaction 
of knowing that if sufficiently large plates were buried 
in moist earth at each station, the circuit would thus 
he completed by the earth, no matter how distant the 
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stations were from each other. Though the earth is, 
with regard to its materials, a much worse conductor 
than the metals, yet as the resistance decreases with the 
thickness, the earth may be considered as a wire so 
thick that its resistance need not be taken into account. 
To ensure the earth acting, instead of a second wire, 
however, the plates should not only be buried in moist 
earth, or connected with water-pipes, but should be of 
a sectional area not less than from 15 to 20 feet. In 
large towns and other places, where the wires cannot be 
well-supported by posts, they are frequently buried, like 
gas-pipes and water-pipes, in the ground. Several of 
these wires, well insulated by gutta-percha or caout- 
chouc, are placed together in tubes, and then a number 
of these tubes are enclosed in an iron pipe of sufficient 
thickness to resist the pressure upon them. 

Submarine Telegraphic Lines. — These always consist 
of what is called a cable, and the wires are made of 
copper instead of galvanised iron, as it is desirable 
they should be as light as possible. The core or con- 
ducting part of the cable is made of one solid wire, 
or of a number of finer wires well insulated from each 
other by gutta-percha," caoutchouc, and other substances 
of an insulating nature that fill up the interstices 
between the wires and unite them into one solid sub- 
stance. The core is now again surrounded by gutta- 
percha or caoutchouc, and frequently outside this by 
hemp coated with tar, and then, outside the whole, it 
is surrounded by iron sheathing to give the cable the 
necessary strength. 

3rd. System of Signals. — The most important classes 
of signals. depend upon either the power of the current 
to deflect a magnetic needle or to impart magnetic pro- 
perties to soft iron. Depending on the /orwer are all 
the needle telegraphs ; whilst depending on the latter 
are the systems of Morse and Steinhill. 

Cooke and Wheatstone's Telegraph Needle simply re- 
quires it to bo determined beforehand how many turns 
to the right or left should stand for any particular 
letter ; and as the movements of the needle are similar 
at the two stations, this requires to be undereto^ Vi^' 
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the person receiving the message, and he can at once 
write it down. Thus, as illustrations of this, in their 
first alphabet, one deflection to the right stood for m ; 
two, for n ; three, for o ; four, for p ; whilst two to the 
left stood for a ; three, for b ; four, for c, &c. 

Morse's system, on the other hand, depends upon the 
power of the current to impart momentary magnetism 
to soft iron, which the moment the current ceases loses 
its magnetic power. It is only necessary, therefore, to 
place this piece of soft iron so near to a lever that it 
shall attrac* doicmcards one end when magnetic, and 
allow it to rise again when it lost its magnetism. If, 
when one end of the lever is thus pulled down, the 
other end is made to press, with a pencil or pen, against 
a piece of paper constantly kept moving by clockwork 
— according as the pen or pencil is pressed against this 
paper for a longer or shorter time— it will trace thereon 
a long or short line ; and if it be made only to touch it 
momentarily, it will simply make a dot. In this system 
the dots and lines stand for letters, and these are 
marked upon the paper so that the message can be 
read and written out after^ instead of during the time 
of its transmission. A good clerk, however, used to this 
method, does not require to see the paper, but can read 
the message as it comes, by simply listening to the 
taps of the pencil against the paper. Other signals, 
such as ringing bells of different tones, or partly 
muffled, are also in use; but the most common are 
those of Morse, or of Cooke and Wheatstone, though 
they are variously modified in practice by different 
companies by whom they are used. 

4th. The Indicator. — In the needle telegraph this con- 
sists of an upright astatic galvanometer, with the 
needles loaded at the lower end to keep them in the 
tipright position when not deflected by the current. In 
the single-needle telegraph one of the astatic needles is 
out of sight in the coil, and the other moves on the 
face of the dial and is the real indicator. In the 
double-needle telegraph there are two dials and two 
pairs of astatic needles. In Morse's system the paper 
on which the pencil presses, siu^ ^xqtl the taps of the 
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pencil when writing, indicate the message to the re- 
ceiver; and, as previously mentioned, sometimes dif- 
ferent kinds of bells answer the same purpose. 

Questions on Chapter XXVII. 

1. What were the ancient systems of telegraphs, and in what 
were they all defective ? 

2. "Who first suggested telegraphing hy electricity ? 

3. When, where, and by whom was it first practically carried 
into effect? 

4. What are the essential parts of an electric telegraph ? 

5. Describe the conducting medium generally used on land, and 
the way it is arranged. 

6. Describe an electric cable. 

7. Describe the needle telegraph. 

S. Explain fully Morse's system, and mode of its action. 



CHAPTEE XXVIII. 

Electrolysis. An Electrolyte : what it must consist of. Atomic 
Weights. Electrolysis of Salt Water, Dilute Sulphuric Acid, 
Hydrochloric Acid, and Sulphate of Copper. Action of Daniell*s, 
Bunsen's, and Grove's Batteries. 

Electrolysis is the separation of compound bodies by the 
agency of electricity. It was previously stated that 
water was decomposed by Volta's pile in the year 1800. 
Soon afterwards Sir Humphry Davy, by means of the 
voltaic current, discovered potassium, sodium, mag- 
nesium, and various other metals, by separating them 
from their combinations with oxygen. Before this 
time potass, soda, and magnesia had been considered 
simple bodies, and incapable of further decomposition. 
The body decomposed by the battery is called the 
electroljrte, and it must be a compound body, as a simple 
elementary body is, of course, incapable of decomposi- 
tion. It must also be a fluid, for, unless the molecules 
of the compound have freedom of motion amongst them- 
selves, they are incapable of being separated. Solid 
bodies are, therefore, incapable of ^forming electrolytes 
till they are dissolved, and assume the liquid form, so 
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that potass, soda, &c., must be dissolved in a liquid 
before they can be decomposed by the current into 
oxygen and the metals forming their base. 

(xaseous bodies are also incapable of acting as electro- 
lytes, or of being decomposed by the voltaic battery, on 
account of their incapacity to conduct the current. It 
is true that, in some cases, gases are decomposed to a 
small extent by electricity, as in the cases of tibe forma- 
tion of ozone, and of small quantities of nitrogen, by 
the passage of electricity ; but these cases are excep- 
tional, and there is no mixture of gases that can be 
definitely separated by the current in the same way as 
fluids. 

An electrolyte must also be composed of a conductor 
and a non-conductor ; for a compound body composed of 
two conductors, or of two non-conductors, is incapable of 
decomposition by the voltaic current. It must also be 
composed of an electro-positive and an electro-negative 
element ; the electro-positive being the conductor, and 
the electro-negative being the non-conductor. In elec- 
trolysis, then, the electro-negative non-conducting element 
of the electrolyte is always carried by the current in one 
direction, towards the positive plate ; and the electro-posi- 
tive conducting element in the opposite direction, to- 
wards the negative plate. The whole of the fluid between 
the two plates is thus polarized, all the electro-negative 
elements being turned towards the positive plate, and 
the whole of the electro-positive elements being turned 
towards the negative plate. The electrolyte must be 
also capable of conducting the current, or otherwise 
no electrolysis can take place ; and the amount of de- 
composition by the current is always proportionate to 
the conducting power of the fluid in which the plates 
are placed. Thus water alone, which is a very bad 
conductor, is decomposed with great difficulty ; but the 
addition of any acid or salt, which improves very greatly 
its conducting power, also increases proportionately the 
amount decomposed in a given time. 

The decomposition of compound bodies by the electric 
current is always in definite proportions; these pro- 
portions being as the chemical equivalents of t}ip 
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liberated elements, but not necessarily in the propor- 
tion of their atomic weights. It has been previously 
stated that all compound bodies are made up of atoms 
supposed to be of the same size, but to differ in weight, 
and that the comparative weights of these atoms are 
called atomic weights, of which the weight of an atom 
of hydrogen is ts^en as the standard. 

Now, if? all atoms were not only oft the same size, but 
had the same quantity of electricity connected with 
them, their atomic weights and their chemical equiva- 
lents would be the same, and the quantity of any ele- 
ment liberated by the current would be proportionate 
to the atomic weight. Take, for example, water, OHg, 
the molecule of which is composed of one atom of 
oxygen and two of hydrogen. It is assumed that the 
one atom of oxygen contains as much negative elec- 
tricity as the two atoms of hydrogen contain of positive ; 
and that therefore, electrically and chemically, as one 
atom of oxygen is equivalent to two of hydrogen, so, in 
electrolysis of water, the weights of the gases given off 
are not as 16 to 1, but as 16 to 2, or 8 to 1, though the 
atomic weight of oxygeii, as compared with hydrogen, 
is 16 to 1. 

The following are the atomic weights of some of the 
elements' more commonly separated from their com- 
pounds by electrolysis : — 



Bromine . • • . 80 


Nitrogen . . . 


. 14 


Calcium .... 40 


Oxygen . . . 


. 16 


Chlorine. . . . 35*5 


Potasaium. . 


. 39 


Copper .... 63-5 
Hydrogen ... 1 


Sodium . . . 


23 


Sulphur . . . 


. 32 


lodino .... 127 


Zino .... 


. 65 


Corresponding Ch 


'.mical Equivalents. 




Bromine .... 80 


Nitric acid . . 


. 54 


Calcimn .... 20 


Oxygen . . . 


8 


Chlorine .... 35*5 


Potasaiiim . . 


39 


Copper .... 31*75 
Hydrogen ... 1 


Sodium • . . 


. 23 


Sulphurioacid . 


40 


Iodine .... 127 


Zino . . ^ . 


. 32-5 



The atomic weights of hydrogen, chlorine, bromine, 
iodine, fluorine, potassium, and sodium are the same as 
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their Cihemical equivalents ; whilst oxygen, zinc, copper, 
lead, &c., because each atom has double the amount of 
electricity connected with it, have their chemical equi- 
valents only equal to half their atomic weights. Each 
atom will, therefore, when decomposed from a com- 
pound, liberate two atoms of these elements, whose 
chemical equivalents and atomic weights are the same. 

Any elec&olyte can originate an electric current, when 
two plates, whose attraction for oxygen differs, are 
placed in it and joined together outside the liquid. In 
all ordinary arrangements, however, water forms the 
chief part of the liquid, and is decomposed either as a 
primary or secondary action of the current. In the 
combinations with two metals and one liquid, the 
liquid is generally salt and water, dilute sulphuric or 
hydrochloric acids, or a solution of sulphate of copper. 
Electrolysis of each takes place as under : 

1st. Salt Water. — When a zinc and platinum plate are 
immersed in a solution of salt, or chloride of sodium, 
it is decomposed, the chlorine combining with the zinc 
to form chloride of zinc, whilst the sodium is set free 
at the negative plate. The sodium, however, when 
liberated at the negative plate, immediately combines 
with the oxygen of the water, forming HajO, or common 
soda, and setting the hydrogen free on the negative 
plate. At the same time the chloride of zinc, which is 
a highly deliquescent substance, is no sooner formed 
than it is again dissolved in the water, so that its 
saline character is but little affected by the process. 
The separation, then, of the chlorine and the sodium is 
owing to the direct action of the voltaic.current, whilst 
the liberation of hydrogen on the negative plate is a 
secondary chemical action ; and many persons believe 
that in aU cases where water is decomposed, it is owing 
to secondary action, and that water entirely free from all 
acid or other impurities cannot be an electrolyte, or be 
decomposed by the voltaic current. 

2nd. Dilute Sulphuric Acidj S04n2. — ^In this case the 
oxygen and the sidphur are electro-negative, and the 
hydrogen positive. Tk<d action commences by the strong 
attraction of the zino for the snlphion, SO4, an atom of 
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which combines with an atom of zinc, setting the hy- 
drogen free. This hydrogen being in its nascent state, 
seizes, on its way to the negative plate, on the next 
atom of snlphion, forming sulphuric acid, and«setting the 
hydrogen free, which again combines with another 
atom of snlphion to reform sulphuric acid in the fol- 
lowing manner : — 

Arrangement before Commencement of Action. 
riate. Plate. 

Z5, SO4H2, SO4H2, SO^Ha, S0;H^ Cu. 
Ari'angement after Commencement of Action, 



ZnSO^, H2SO4, H2SO4, H2SO4, H2SO4, H2CU. 

Hence sulphate of zinc is continually being formed, 
and consequently the zinc plate constantly losing weight, 
whilst the hydrogen is set free constantly at the 
negative plate. This hydrogen being in its nascent 
state, and peculiarly active in its tendency to combina- 
tion, has a strong tendency to recombine with the snl- 
phion, and thus to set up a current in the opposite 
direction. The more hydrogen is accumulated on the 
negative plate, the greater is this tendency, and the 
more it weakens the original current. In this arrange- 
ment, for every 65 milligrammes of pure zinc which is 

Zn O4 S 
lost by the positive plate, 65 + 64 + 32 = 161 milli- 
grammes of sulphate of zinc die formed in the liquid, 
and 2 milligrammes of hydrogen gas are set free on 
the negative plate. If the ends of the wires connected 
with the zinc and copper plates terminated in platinum 
electrodes immersed in acidulated water, for every 65 
milligrammes of zinc decomposed from the zinc plate, 
and consequent formation of 161 milligrammes of sul- 
phate of zinc, 18 milligrammes of water would be de- 
composed in the vessel containing the platinum elec- 
trode; 16 of oxygen gas being set free at the platinum 
electrode connected with the copper, and 2 of hydrogen 
from that connected with the zinc plate. 

3rd. Hydrochloric Acid. — If this acid, instead of 



182 OUTLINES OF KATURAL PElLOBOBmt. 

BTilpliuric, be used as the exciting fluid, the following 
will represent the conditions before and after commence- 
ment of the action : — 

Arramgement before Commencement of Action. 

Plate. Plate. 

Zn, CI2H2, CI2H2, CLjHj, CI2H2, Cu. 

After Commencement of Action, 



Zn, CI2, H2CI2, HjClg, H2CI2, H2CI2, H2CU. 

In this case the negative chlorine would combine 
with the zinc; but as it would take two atoms of 
chlorine to be chemically equivalent to one of zinc, for 
every 65 milligrammes of zinc decomposed at the zinc 
plate, 2 X 35*5, or 71 milligrammes of chlorine, would 
be withdrawn from the acid, forming 65 + 71, or 136 
milligrammes of chloride of zinc ; whilst, as in the 
former case, 2 milligrammes of hydrogen would be set 
free on the negative plate. 

4th. Snlphaie of Copper. — If a solution of sulphate 
of copper be used as the exciting, liquid, the sulphion 
combines with the zinc, and pure copper is deposited 
on the negative plate ; but as this can only be used in 
connection with an acid, it is found much better to use 
it as an element of a compound battery than to use^ it 
in one containing only one liquid. 

Compound Batteries of Two Liquids and Two Metals. 

It will only be necessary here to explain briefly the 
action of Daniell's, and Grove's or Bunsen's batteries. 

Daniell's Constant Battery. — Here the action com- 
mences with the attraction of the zinc for the snlphion, 
and sulphate of zinc is formed, as in the preceding 
cases, inside the porous diaphragm, the hydrogen in its 
nascent state passing through the diaphragm, and 
seizing upon the sulphion of the sulphate of copper, 
and setting free the pure copper on the negative plate. 
The following will show the arrangement before and 
'^ /'- /• tho co]ji]iicncemeTit of the action : — 
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^ Before CommencemenL 

+ . a 

Plate. _^ I Plate. 

Zn, SO4H2, m^ -I SO^Cu, SO^Cu, Cu. 

cS 
•-< 

Q 
Arrangement afteir Commencement of Action. 



ZnSO^, H2SO4 M H2SO,, H.SO4, CuCu. 

There is, therefore, a constant formation of sillphato 
of zinc inside the diaphragm, and consequent weakening 
of the acid; whilst outside the diaphragm there is a 
constant formation of sulphuric acid, and a weakening 
of the solution of copper. To remedy this inconvenience, 
crystals of copper are placed in a bag outside the dia- 
phragm, which dissolve quickly enough to keep up the 
strength of the solution of copper ; whilst arrangements 
are made for drawing off the sulphate of zing from the 
lower part of the vessel inside the diaphragm, and 
adding.. dilute acid to the upper part. For every 65 
milligrammes of zinc decomposed from the zinc plate, 
there is formed, as before, 161 milligrammes of sulphate 
of zinc, and there is also deposited 63 * 5 milligrammes 
of copper on the negative plate. 

Bunsen's and Grove's Batteries. — In these the action 
commences also in the affinity of the zinc for the sul- 
phion of the sulphuric acid, the hydrogen set free pass- 
ing through the diaphragm to the nitric acid, and there 
combining with the oxygen to form water, and setting 
free the peroxide of nitrogen, which escapes in fumes 
into the room. 

The following will illustrate the arrangement before 
and after the commencement of the action : — 

Before Commencetnent. 



Plate. g* Plate. 

Zn, SO4H2, S0,H2 % NaOeHj, NAHa, Pt. 

•I 



! 
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After ComToencement of Action. 



ZnSO^, H,SO^ I HA. NAHj, NA. P*- 

.2 
Q 

QuEsnoNS ON Ohapteb XXVni. 

1. What is electrolysis ? 

2. Of what must an electrolyte consist? 

3. Explain what is meant by saying that the decomposition of 
componnd bodies is always in definite proportions. 

4. What substances have their chemical eqtdvalents and atomic 
weights the same ? 

5. Under what circumstances can an electrolyte always originate 
a voltaic current? 

6. Explain tiie electrolysis of salt water. 

7. Explain the chemical action in a cell excited by dilute sul* 
phuric acid. 

8. What is being constantly formed at the positive plate, and 
how much weight will the zinc plate lose if two millignunmes of 
hydrogen are set free on the negative plate ? 

9. Describe the action in Darnell's constant battery. 

10. What is the use of the diaphragm in batteries of two fluids ? 



CHAPTER XXIX. 

Electro-Metallurgy: Electrotyping, Electro-plating, Electro-gild- 
ing, Electro-zincing. Explosion of Gunpowder, Blasting, &c., by 
means of the Voltaic Current. 

Electro-Metallurgy. — The next important use of the 
electric current is for electrotyping, electro-gilding, &c. 

Electrotypmg.--Very soon after Daniell had disco- 
vered, and brought into use his constant battery, he 
noticed that the copper deposited on the negative plate, 
if the force of the battery was not too great, was depo- 
sited as a continuous sheet, on the inner surface of 
which all the irregularities of the negative plate were 
faithfully and exactly reproduced. Professor DanioU, 
however, made no real use of this discovery ; aAd it was 
not till the year 1839 that Professor Jacobi, of St. Peters- 
burgf announced his discovery that, by means of the 
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voltaic current, te could obtain exact copies of any 
metallic surface. Very soon after this, Spencer and 
Jordan, who had each independently arrived at the same 
practical result, published the methods they adopted ; 
and further improvements were soon made by Mr. 
Elkington, in England, and by M. Euolz, in France. 
They, however, used the process more for electro-plating 
than for electrotyping. It is obvious that impressions 
made by any object on the coating of copper laid upon 
it by the voltaic current will be exactly opposite to 
those upon the object itself, all the parts in relief pro- 
ducing depressions in the copper coating, whilst all the 
depressions of the object will be in relief. To obtain, 
then, a copy corresponding to the original object it is 
necessary to use the first impression as an original 
object, and then the inner surfece of the copper depo- 
sited upon this copy will exactly correspond to the 
original object. To avoid the delay and inconvenience 
of this method, a cast of the object is generally made 
first. This cast may be made of any fusible metal, of 
gutta-percha, stearin, or wax. If, however, the object 
to be copied be a non-condactor of electricity, it is 
necessary to coat the part to be copied with some con- 
ducting substance, or otherwise the copper will not be 
deposited on its surface. Plumbago is generally used 
for this purpose, as a thin layer of it can be easily and 
cheaply applied, and it also prevents the too firm ad- 
herence of the copper to the object, and thus allows 
them to be easily separated when the copy has been 
obtained. 

To illustrate the general method of procedure, we 
will suppose that a medal is to be copied by this 
process. A cast of the medal is first obtained by 
means of any substance which expands on solidifying, 
so as to make a sharp and clear impression. Suppose 
the cast to be of gutta-percha, into which a wire is in- 
serted so that it may be suspended by it in the bath. 
As gutta-percha is not a conductor, the side containing 
the negative impression is brushed over by a fine camel- 
hair pencil with plumbago, to make its surface con- 
ducting. It is then suspended in a bath of sulphate of 
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copper, from a rod which is connected with the zinc 
plate of a Darnell's battery, and a piece of copper about 
the same size as the medal is suspended by another wire 
from a rod connected with the copper plate of the same 
battery, theusolution of the sulphate of dbpper com- 
pleting the circuit between the two rods. If the battery 
be not too powerful, the cast will be coated evenly with 
a fine sheet of metallic copper, which will be an exact 
fcuysimile of the original medal; whilst the piece of 
copper suspended from the other wire will gradually 
lose as much weight of copper as is deposited upon the 
cast, so that the strength of the bath will remain con- 
stant. It will then only be necessary to separate care- 
fully the coating of copper from the cast, which in all 
ordinary cases is done without the least diffioiQty, the 
coating of plumbago, or even the oxide of the metal 
itselfy when a cast is not used, preventing the coating 
of copper £rom adhering too firmly for the separation to 
be easily effected. 

Electrotyping is of great use in the arts, and many 
large and valuable copper-plates engraved for the Art 
Union have been electrotyped with success ; and by its 
means engravings on copper of all descriptions are 
largely multiplied. Engravings on wood can also be 
converted into copper by this means, and rare and 
valuable bronzes can also in this way be copied. So 
faithfully and minutely accurate are copies obtained by 
this means, that copies of daguerreotype plates have 
been thus obtained which faithfully represent the 
original in the most minute particulars. 

Electro-plating. — ^In electro-plating, electro-gilding, 
electro-zincing, &c., there is this great di^Gsrence from 
electrotyping — that whilst in the latter it is always 
necessary to remove the impression obtained from the 
original, in the former the coating of gold, silver, or zinc 
is intended to be firmly adherent to the surface on which 
it is placed. Great care is therefore necessary in 
cleansing the surface of the body to be plated or gilt 
from all substances which would prevent perfect adhe- 
sion between the coating and the body. For this 
purpose the bodies to be plated — which are generally 
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of brass, bronze, copper, or German sUver— are first 
heated strongly, to remove from them any fatty matters 
which have adhered to them, and this heating is gene- 
rally effected by boiling them in a (Solution of canstio 
potash. After this they are, whilst still hot, placed in 
dilute nitric acid, to remove any film of oxide which 
has been formed upon them by the action of the atmo- 
sphere. They are then scoured with fine sand, and after- 
wards either dipped in strong nitric acid, or washed with 
nitrate of mercury, which last process leaves on them 
a thin film of mercury which acts as «, cement between 
the article and the coating of silver, and makes it 
adhere more firmly. The articles to be plated are 
placed in a bath containing generally cyanide of silver, 
dissolved in cyanide of potassium. A solution which 
contains about one-fiftieth of its weight of silver gene- 
rally answers well in practice, and articles well plated 
should be coated with from an ounce to an ounce and 
a-half of silver to the square foot, the coating then 
being about the thickness of ordinary writing-paper. 
Articles made of iron, zinc, Britannia-metal, lead, or 
tin, cannot be electro-plated properly, because the silver 
will not adhere with sufficient firmness to these sub- 
stances ; but if they be first coated with copper, then 
they may afterwards be electro-plated, as the copper 
will adhere firmly to these metals, and then the silver 
will adhere with equal firmness to the copper with 
which they are coated. When bodies are electro-plat;ed 
they have a dull chalky appearance, and require to be 
burnished before they assume the brilliant lustre of 
polished silver. Eecently, however, it has been disco- 
vered that by adding a small quantity of carbonic bisul- 
phide to the bath, the silver deposited acquires at once 
the lustre of the burnished metal. Great care, however, 
is necessary wh^n the bisulphide is thus used ; so that 
many persons prefer to dispense with it, and to give the 
lustre required by burnishing after the electro-plating 
has been effected. 

Electro-gilding. — This process differs very little, except 
in the bath used, from electro-plating, and nearly all 
the metals, when properly cleansed, can be covered sue- 
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cessfiilly with a coating of gold. The bath consists 
generally of cyanide of gold dissolved in cyanide Om. 
potassium, and the solution generally contains about one 
part in a hundred of gold, or about half the quantity ot 
silver used for electro-plating. The old method ot 
gilding was by using an amalgam of gold and mercury, 
but this method was very injurious to the persons 
employed, owing to the fumes of mercury disengaged 
during the process, and this method is now entirely 
superseded by that of the voltaic current. Gilding with 
gold-leaf is, however, still used for many purposes such 
as picture frames, and gilding letters in printing, ^or on 
banners, sign-boards, &o, Otold may be made to adhere 
to almost any other metal by the voltaic process, but is 
iixed the most firmly on silver ; and it is on this account 
that the wires of ear-rings, and other parts of jewellery, 
where it is important that a thin coating of gold 
should adhere with great firmness, are usually made of 
silver. 

Electro-zincing. — This is now extensively carried on 
in order that the metal thus coated with zinc may be 
protected from the corroding action of the weather and 
prevented from combining with oxygen, or rusting. 
Zinc is the most positive metal in ordinary use, and if 
it be connected with any other metal less positive than 
itself, it entirely protects the less positive metal from 
corrosive action ; just as a lightning-conductor protects 
a building, because the lightning passes along it in pre- 
ference to passing by any worse conductor than itself. 
If ordinary iron, for instance, be placed in hydrochloric 
acid, the iron will be attacked and eaten away by the 
acid ; but if the piece of iron be in contact with zinc, 
no effect will be produced by the acid upon the iron so 
long as any zinc remains thus connected with it. Sir 
, Humphry Davy thus discovered that the copper 
bottoms of ships might thus be protected from Tthe 
action of sea-water, by being partly coated with zinc. 
This discovery, however valuable in itself, was useless 
for the purpose intended, as the copper thus protected 
ceased to be injurious to animal or vegetable life ; and 
the conseqnenoQ was, that shell-fish of all kinds adhered 
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in such numbers to the bottoms of the vessels as to 
impede their passage through the water. The great 
value of this discovery, however, arises from its use in 
coating iron, which is thus made almost as valuable in 
resisting the action of the weather as platinum or other 
more valuable metals. Iron thus coated is, from the 
process used, said to be galvanized ; and galvanized iron 
is now extensively used for boilers, flues of stoves, wires 
for telegraphic and other purposes, and also for light- 
ning-conductors. 

Explosion of Gunpowder by the Voltaic Current. — 
The best conductors of electricity are gold, silver, and 
copper, whilst amongt the worst conductors of the 
metals are iron, tin, platinum, and lead. But the metals 
all conduct electricity better in proportion to their 
thickness ; so that a thick wire of any kind will con- 
duct a voltaic current much more readily than a thin 
one. But the greater resistance a wire of any kind 
oflers to the progress of the current, the greater is its 
temperature increased by its passage. Thus, if the 
voltaic current be made to pass through a chain com- 
posed of any kind of metal, some links of which are 
made of very fine, and others of very thick wire, the very- 
thin links may be rendered hot, whilst the thick ones 
have their temperature but slightly raised. If, also, a 
chain, the links of which are all equally thick, have 
them made alternately of copper and platinum, those 
of platinum will be made quite hot, whilst those of 
copper will remain comparatively cool. If, then, a 
chain be made of alternate links of platinum and copper, 
and the copper links are made of thick, whilst those 
of platinum are made of thin wire, on sending a voltaic 
current through the chain the links of platinum may be 
made of a white heat, whilst the temperature of the 
thick copper links is but very slightly increased. It is 
evident, therefore, that if it be desired to explode gun- 
powder by voltaic agency, it is only necessary to make 
a circuit of thick copper wire connected by a thin wire 
of iron or platinum, and to let this thin wire pass 
through the gunpowder. The passage of the current 
will then raise the temperature of the platinum, or iron 
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wire, sufficiently high to ignite the gonpowder and 
cause an explosion to take place. Since the year 1838, 
when Mr. Boberts devised this method, it has been 
nearly always employed for blasting rocks and firing 
mines of all descriptions. It is also by modifications of 
the same method that torpedoes and mines are caused 
to explode in time of war ; and though in coal-mines 
the old methods of blasting are still very generally 
adopted, yet, in blasting of rocks on a large scale, the 
safer and more certain plan of firing thie gunpowder by 
means of the voltaio current is nearly always used. 

QosTiGNS ON Ghafteb XXTX. 

1. Explain the origin of eleotrobrping. 

2. Who first discovered it ? ana who brought the disooyery into 
actual use? 

3. Explain the method adopted in copying a medal by this 
process. 

4. Of what nse is electrotyping in the arts? 

5. What is the difference lietween eHeetra-pUUing and electrotyping ? 

6. What bodies are generally electro-plated? 

7. What was the old method of gUding? 

8. What metal can be best gilt? 

9. What important purpose is effected by coating copper, iron, 
&c., by zinc? 

10. What metals are the best, and which the worst conductors 
of electricity ? 

11. What effect has (hiekness on the conducting power of metallic 
wire? 

12. Explam the best method of exploding powder in blasting 
rocks, exploding mines, &c. 



THB END. 
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